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SUMMARY 
The p u r p o s e o f t h i s work was t o c a r r y o u t t h e r e a c ­
t i o n o f p r o p y l e n e o x i d e w i t h cumene i n t h e p r e s e n c e o f a l u ­
minum c h l o r i d e u n d e r c o n d i t i o n s f a v o r a b l e t o t h e f o r m a t i o n 
o f a l c o h o l s . The a l c o h o l p r o d u c t s w e r e t o b e i d e n t i f i e d . 
Some p h y s i c a l p r o p e r t i e s o f t h e a l c o h o l s a n d o f compounds 
p r o d u c e d b y r e a c t i o n s o f t h e a l c o h o l s w e r e t o b e d e t e r m i n e d . 
The r e a c t i o n o f p r o p y l e n e o x i d e w i t h cumene was 
c a r r i e d o u t i n t h e f o l l o w i n g w a y . To a m i x t u r e o f 4 . 9 m o l e s 
o f cumene a n d 1 . 1 m o l e s o f a n h y d r o u s a luminum c h l o r i d e was 
s l o w l y a d d e d a s o l u t i o n o f one m o l e o f p r o p y l e n e o x i d e i n 
4 . 9 m o l e s o f cumene w h i l e r e a c t i o n t e m p e r a t u r e was m a i n t a i n e d 
a t 0 - 1 0 ° C . Abou t one h o u r a f t e r c o m p l e t i o n o f t h e a d d i t i o n 
t h e r e a c t i o n m i x t u r e was h y d r o l y z e d w i t h i c e w a t e r . The 
o r g a n i c l a y e r was s e p a r a t e d f r o m t h e w a t e r l a y e r , w a s h e d 
f r e e o f a c i d , and d r i e d w i t h a n h y d r o u s s o d i u m s u l f a t e . Un-
r e a c t e d cumene was d i s t i l l e d a n d t h e r e m a i n i n g p r o d u c t 
f r a c t i o n a t e d u n d e r v a c u u m . A l c o h o l p r o d u c t s w e r e o b t a i n e d 
i n y i e l d s t o 6 4 . 6 p e r c e n t o f t h e o r y , b a s e d on p r o p y l e n e 
o x i d e . 
Two m a i n p r o d u c t s w e r e i n d i c a t e d b y t h e i n i t i a l 
f r a c t i o n a t i o n s o f t h e p r o d u c t s f r o m f i v e p r e p a r a t i o n s . The 
l o w e r b o i l i n g p r o d u c t was i d e n t i f i e d a s m - i s o p r o p y l - 0 -
v i i 
m e t h y l p h e n e t h y l a l c o h o l . The h i g h e r b o i l i n g p r o d u c t was 
p - i s o p r o p y l - ( 3 - m e t h y l p h e n e t h y l a l c o h o l . C a r e f u l r e f r a c t i o n -
a t i o n s o f t h e two a l c o h o l p r o d u c t s f a i l e d t o y i e l d u n c o n -
t a m i n a t e d p r o d u c t s . 
The p h y s i c a l p r o p e r t i e s o f a m i d d l e f r a c t i o n o f m-
i s o p r o p y l - 0 - m e t h y l p h e n e t h y l a l c o h o l w e r e a s f o l l o w s : 
B o i l i n g p o i n t » 1 0 1 . 6 ° C . a t 3mm. Hg . 
R e f r a c t i v e i n d e x n 2 ^ « 1 . 5 1 3 5 
D e n s i t y d 2 ^ « 0 . 9 5 8 3 . 
A m i d d l e f r a c t i o n o f p - i s o p r o p y l - ( 3 - m e t h y l p h e n e t h y l a l c o h o l 
h a d t h e f o l l o w i n g p h y s i c a l p r o p e r t i e s : 
M e l t i n g p o i n t = 4 3 . 5 - 4 4 . 5 ° C . 
B o i l i n g p o i n t « 1 0 3 . 3 ° C . a t 3mm. Pig. 
R e f r a c t i v e i n d e x n ^ * 1 . 5 1 3 0 . 
F r a c t i o n a l r e c r y s t a l l i z a t i o n o f t h e O - a l k y l s a c c h a r i n 
d e r i v a t i v e o f m - i s o p r o p y 1 - 3 - m e t h y l p h e n e t h y l a l c o h o l y i e l d e d 
two p o r t i o n s w i t h m e l t i n g r a n g e s o f 1 0 7 - 1 1 5 ° C . a n d 1 8 3 . 5 -
1 8 4 . 0 ° C . The 0 - a l k y l s a c c h a r i n d e r i v a t i v e o f p - i s o p r o p y l - ( 3 -
m e t h y l p h e n e t h y l a l c o h o l h a d a m e l t i n g p o i n t o f 1 6 6 . 5 - 1 6 8 . 2 ° G . 
V i g o r o u s o x i d a t i o n o f t h e two a l c o h o l s y i e l d e d t h e i r 
c o r r e s p o n d i n g p h t h a l i c a c i d s . M i l d o x i d a t i o n w i t h d i - t -
b u t y l c h r o m a t e g a v e t h e c o r r e s p o n d i n g a l d e h y d e s i n g o o d 
y i e l d s . The a l d e h y d e p r e p a r e d f r o m m - i s o p r o p y l - ( 3 - m e t h y l ­
p h e n e t h y l a l c o h o l h a d t h e f o l l o w i n g p h y s i c a l p r o p e r t i e s : 
v i i i 
B o i l i n g p o i n t = 8 7 . 2 ° C . a t 3 .5mm. Hg. 
P^ 
R e f r a c t i v e i n d e x n ° = 1 . 5 0 7 6 
D e n s i t y d 2 ^ = 0 . 9 6 0 9 . 
The a l d e h y d e p r e p a r e d f r o m t h e p a r a a l c o h o l h a d t h e f o l ­
l o w i n g p h y s i c a l p r o p e r t i e s : 
B o i l i n g p o i n t = 8 4 . 8 ° C . a t 2 .5mm. Hg. 
R e f r a c t i v e i n d e x n 2 ^ *= 1 . 5 1 0 2 
D e n s i t y d 2 ^ * 0 . 9 5 5 8 . 
A s o l i d a c i d was a l s o p r o d u c e d d u r i n g t h e m i l d o x i ­
d a t i o n o f t h e p a r a a l c o h o l . I t h a d a m e l t i n g p o i n t o f 
7 1 - 7 4 ° C . a n d n e u t r a l i z a t i o n e q u i v a l e n t o f 1 9 4 . O x i d a t i o n 
o f t h e p a r a a l d e h y d e w i t h b a s i c p e r m a n g a n a t e g a v e t h e same 
a c i d w i t h a m e l t i n g p o i n t o f 7 1 . 0 - 7 3 . 5 ° C . a n d a n e u t r a l i z a ­
t i o n e q u i v a l e n t o f 1 9 4 . The a c i d p r o d u c e d f r o m o x i d a t i o n 
o f t h e m e t a a l d e h y d e was a n u n c r y s t a l l i z a b l e o i l . 
D e h y d r a t i o n o f t h e a l c o h o l s w i t h m o l t e n p o t a s s i u m 
h y d r o x i d e p r o d u c e d t h e c o r r e s p o n d i n g s t y r e n e d e r i v a t i v e s . 
The o l e f i n p r o d u c e d f r o m t h e d e h y d r a t i o n o f t h e m e t a a l ­
c o h o l h a d t h e f o l l o w i n g p h y s i c a l p r o p e r t i e s ; 
B o i l i n g p o i n t = 2 1 3 . 6 ° G . a t a t m o s p h e r i c p r e s s u r e 
R e f r a c t i v e i n d e x n 2 | * 1 . 5 1 9 5 
D e n s i t y d 2 ^ = 0 . 8 8 3 8 . 
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The p a r a a l c o h o l y i e l d e d a n o l e f i n w i t h t h e f o l l o w i n g 
p h y s i c a l p r o p e r t i e s : 
B o i l i n g p o i n t = 2 2 1 . 0 ° C . a t a t m o s p h e r i c p r e s s u r e 
R e f r a c t i v e i n d e x n 2 ^ = 1 . 5 2 2 8 
D e n s i t y d 2 ^ - 0 . 8 8 5 1 . 
Some l o w b o i l i n g m a t e r i a l p r o d u c e d d u r i n g t h e p r e p ­
a r a t i o n o f t h e a l c o h o l s was f o u n d t o b e a m i x t u r e o f i s o ­
m e r i c d i - i s o - p r o p y l - b e n z e n e s , S e v e r a l u n s u c c e s s f u l a t t e m p t s 
w e r e made t o i d e n t i f y O - i s o p r o p y l - p - m e t h y l p h e n e t h y l a l c o h o l 
i n t h e p r o d u c t s o f t h e r e a c t i o n o f p r o p y l e n e o x i d e w i t h 
c u m e n e . 
1 
HISTORY 
The r e a c t i o n o f a l k y l e n e o x i d e s w i t h a r o m a t i c com­
p o u n d s , i n t h e p r e s e n c e o f F r i e d e l - C r a f t s t y p e c a t a l y s t s , 
h a s b e e n r e p o r t e d i n s e v e r a l p a p e r s . 
E t h y l e n e o x i d e h a s b e e n r e p o r t e d t o r e a c t w i t h 
b e n z e n e 1 ' 2 ' 3 ' 4 , t o l u e n e 5 ' 6 ' 7 , e t h y l b e n z e n e 5 ' 6 , x y l e n e s 5 ' 6 ' 7 , 
Q Q Q K 
b i p h e n y l , n a p h t h a l e n e ^ , t e t r a h y d r o n a p h t h a l e n e , a n i s o l e , 
7 9 
c h l o r o b e n z e n e , a n d b r o m o b e n z e n e . I n a l l c a s e s a luminum 
c h l o r i d e was u s e d a s t h e F r i e d e l - C r a f t s c a t a l y s t . When t h e 
X A . S c h a a r s c h m i d t , L . Hermann , a n d B . S z e m z o , B e r . , 
5 8 , 1 9 1 4 ( 1 9 2 5 ) . 
2 R . A . S m i t h a n d S . N a t e l s o n , J. Am. Chem. S o c , 5 5 
3 4 7 6 ( 1 9 3 1 ) . 
5 J . C o l o n g e and P . R o c h a s , B u i , s o c . c h i m . F r a n c e , 
1 9 4 8 , 8 1 8 . 
4 T . I n a t s u g i , J. S o c . O r g . S y n t h e t i c C h e m . , 7 , 5 
( 1 9 4 9 ) . 
5 J . C o l o n g e a n d P . R o c h a s , C o m p t . r e n d . , 2 2 5 , 4 0 3 
( 1 9 4 6 ) . 
6 J . C o l o n g e a n d P . R o c h a s , B u l l , s o c . c h i m . F r a n c e , 
1 9 4 8 , 8 2 2 . 
7 N . V . S h o r y g i n a , J . G e n . Chem. U . S . S . R . , 2 1 , 1 3 9 1 
( 1 9 5 1 ) . 
p 
J . C o l o n g e a n d P . R o c h a s , B u l l , s o c . c h i m . F r a n c e , 
1 9 4 8 , 8 2 5 . 
Q 
J . C o l o n g e and P . R o c h a s , B u l l , s o c . c h i m . F r a n c e , 
1 9 4 8 , 8 2 7 . 
2 
r e a c t i o n s w e r e c a r r i e d o u t i n t h e r a n g e o f 0 - 1 0 ° C , b e t a -
s u b s t i t u t e d e t h y l a l c o h o l s w e r e t h e u s u a l p r o d u c t s . At 
h i g h e r r e a c t i o n t e m p e r a t u r e s d i b e n z y l t y p e compounds 
o c c u r r e d . 
The r e a c t i o n o f b e n z e n e w i t h p r o p y l e n e o x i d e h a s 
b e e n r e p o r t e d t o p r o d u c e t h e s e c o n d a r y a l c o h o l a l p h a -
m e t h y l p h e n e t h y l a l c o h o l and m e t h y l d i b e n z y l , 1 0 H o w e v e r , 
a p a t e n t s t a t e s t h a t t h e a l c o h o l p r o d u c t i s b e t a - m e t h y l -
p h e n e t h y l a l c o h o l . " ^ The l a t t e r p r o d u c t s e e m s t o b e t h e 
c o r r e c t o n e . 
The r e a c t i o n s o f some a r o m a t i c h y d r o c a r b o n s w i t h a 
number o f a l k y l e n e o x i d e s h a v e b e e n d e s c r i b e d b y T h e i m e r . - 1 - 2 
He f o u n d t h a t a l l a l k y l e n e o x i d e s c o n t a i n i n g one u n s u b s t i -
t u t e d c a r b o n o f t h e e p o x y r i n g r e a c t e d w i t h a r o m a t i c com­
pounds t o p r o d u c e p r i m a r y a l c o h o l s . A l k y l e n e o x i d e s w i t h 
b o t h c a r b o n s o f t h e e p o x y r i n g s u b s t i t u t e d p r o d u c e d low 
y i e l d s o f s e c o n d a r y a l c o h o l s . 
S e v e r a l p a t e n t s h a v e b e e n i s s u e d on p r o c e s s e s f o r 
t h e p r o d u c t i o n o f a l c o h o l s b y t h e r e a c t i o n o f a l k y l e n e 
" ^ S m i t h a n d N a t e l s o n , l o c . c i t . 
1 I L E . T . T h e i m e r , U . S . P a t e n t 2 , 0 4 7 , 3 9 6 ( 1 9 3 6 ) . 
1 2 E . T . T h e i m e r , A b s t r a c t o f A . C . S . M e e t i n g , A o r i l 
1 9 4 0 . 
3 
o x i d e s w i t h a r o m a t i c c o m p o u n d s . ° Some o f t h e a r o m a t i c com­
pounds u s e d a s r e a c t a n t s a r e b e n z e n e , t o l u e n e , c y m e n e , 
c h l o r o b e n z e n e , a n i s o l e , a c e t o p h e n o n e , b e n z o p h e n o n e , b e n -
z a l d e h y d e , t o l u a l d e h y d e , d i p h e n y l e t h e r , and n a p h t h a l e n e . 
T h e a l k y l e n e o x i d e s i n c l u d e e t h y l e n e , p r o p y l e n e , t r i -
m e t h y l e n e , a n d i s o b u t y l e n e o x i d e s . I n m o s t o f t h e p a t e n t s 
a n e x c e s s o f t h e a r o m a t i c compound a n d o f t h e F r i e d e l -
G r a f t s c a t a l y s t i s s p e c i f i e d . H i g h e s t y i e l d s o f a l c o h o l 
p r o d u c t s a r e c l a i m e d w i t h r e a c t i o n t e m p e r a t u r e s b e l o w 1 0 ° G . 
S o m e r v i l l e a n d S p o e r r i 1 4 h a v e s t u d i e d t h e r e a c t i o n s 
o f some d i s u b s t i t u t e d e t h y l e n e o x i d e s . The r e a c t i o n o f 
2 , 3 - b u t y l e n e o x i d e w i t h b e n z e n e p r o d u c e d low y i e l d s o f 5 -
p h e n y l b u t a n o l - 2 a n d 2 , 3 - d i p h e n y l b u t a n e . U n d e r s i m i l a r r e ­
a c t i o n c o n d i t i o n s i s o b u t y l e n e o x i d e a n d b e n z e n e p r o d u c e d 
low y i e l d s o f 2 - m e t h y l - 2 - p h e n y l p r o p a n o l a n d two h y d r o c a r b o n s . 
1 5 
The m e c h a n i s m o f t h e r e a c t i o n s e e m s t o i n v o l v e 
r i n g o p e n i n g o f t h e e p o x i d e I b y t h e c a t a l y s t t o f o r m t h e 
s e c o n d a r y c a r b o n i u m i o n I I . The c a r b o n i u m i o n t h e n r e a c t s 
1 3 M . S . C a r p e n t e r , U . S . P a t e n t 2 , 0 1 3 , 7 1 0 ( 1 9 3 5 ) ; H. S . 
D a v i s , U . S . P a t e n t 2 , 1 2 5 , 4 9 0 ( 1 9 3 8 ) ; I . G-. P a r b e n i n d . A . - G . , 
B r i t . P a t e n t 3 5 4 , 9 9 2 ( 1 9 3 1 ) , * I . G . P a r b e n i n d . A . - G . , G e r . 
P a t e n t 5 9 4 , 9 6 8 ( 1 9 3 4 ) , * H. H o p f f , U . S . P a t e n t 2 , 0 2 9 , 6 1 8 ( 1 9 3 6 ) ; 
K . H. K l i p s t e i n , C a n . P a t e n t 3 4 0 , 5 5 5 ( 1 9 3 4 ) ; E . T . T h e i m e r , 
U . S . P a t e n t 2 , 0 4 7 , 3 9 6 ( 1 9 3 6 ) ; E . T . T h e i m e r , U . S . P a t e n t 
2 , 1 2 5 , 9 6 8 ( 1 9 3 8 ) ; L . V a l i k a n d I . V a l i k , B r i t . P a t e n t 3 9 8 , 1 3 6 
( 1 9 3 1 ) . 
1 4 W . T . S o m e r v i l l e a n d P . E . S p o e r r i , J . Am. Chem. 
S o c , 7 2 , 2 1 8 5 ( 1 9 5 0 ) . 
1 5 W . T . S o m e r v i l l e a n d P . E . S p o e r r i , J . Am. Chem. 
S o c , 7 3 , 6 9 7 ( 1 9 5 1 ) . 
4 
with the aromatic compound to produce the aluminum chloride 
salt III of the alcohol. The alcohol IV is produced "by 
hydrolysis of the salt. 
RCH-CH, 
From previous reports of the reaction of alkylene 
oxides with aromatic compounds it can be said that alcohol 
products are usually obtained when the reaction is carried 
out at temperatures in the range of 0 to 10°C. Alkylene 
oxides having one unsubstituted carbon in the epoxy ring 
react at low temperatures to produce primary alcohols. At 
higher temperatures the products are usually those obtained 
by the reaction of two molecules of the aromatic compound 
with one of the alkylene oxide. Highest yields of alcohols 
are obtained when an excess of both the aromatic compound 
and the catalyst are used. 
A 1
^
l 5 > RCHCHoOAlCl. 
HG 1 '-' ' 
II 
R C H C H 9 0 A 1 C 1 P 
R» i III 
H 2 0 
R C H C H p O H 
Ri IV 
5 
EXPERIMENTAL 
GENERAL PROCEDURE 
C h e m i c a l s . — E a s t m a n 1 s w h i t e l a b e l cumene was f r a c t i o n a t e d 
o v e r s o d i u m a n d t h e m i d d l e f r a c t i o n b o i l i n g a t c o n s t a n t 
t e m p e r a t u r e was s t o r e d o v e r s o d i u m w i r e . The r e f r a c t i v e 
i n d e x o f t h e p u r i f i e d cumene was 1 . 4 8 8 2 a t 2 5 ° C . The r e ­
p o r t e d r e f r a c t i v e i n d e x o f cumene i s 1 . 4 8 8 9 0 a t 2 5 ° C . 1 6 
T h i s m e t h o d o f s t o r i n g cumene was a b a n d o n e d a f t e r Run 2 
b e c a u s e o f t h e s t r o n g l y b a s i c p r e c i p i t a t e t h a t d e v e l o p e d 
i n t h e cumene upon e x p o s u r e t o a i r . R e c o v e r e d c u m e n e , w i t h 
a b o i l i n g p o i n t o f 8 3 ° C . a t a p r e s s u r e o f 7 2 mm, o f m e r c u r y 
and h a v i n g a r e f r a c t i v e i n d e x o f 1 . 4 8 8 2 a t 2 5 ° C , was u s e d 
i n Run 3 . Cumene o b t a i n e d f r o m Dow C h e m i c a l Company was 
d r i e d o v e r D r i e r i t e a n d f r a c t i o n a t e d f o r u s e I n Runs 4 a n d 
5 . I t h a d a r e f r a c t i v e i n d e x o f 1 . 4 9 1 0 a t 2 0 ° C . The r e ­
p o r t e d r e f r a c t i v e i n d e x o f cumene a t t h i s t e m p e r a t u r e i s 
1 . 4 9 1 4 5 . " ^ No d i f f e r e n c e s i n t h e r e a c t i o n s w e r e n o t e d 
u s i n g cumene o b t a i n e d f r o m t h e d i f f e r e n t s o u r c e s . 
The p r o p y l e n e o x i d e u s e d i n Runs 1 a n d 2 h a d b e e n 
f r a c t i o n a t e d a n d s t o r e d i n a r e f r i g e r a t o r f o r s e v e r a l 
m o n t h s . The p r o p y l e n e o x i d e u s e d i n Runs 3 , 4 , a n d 5 was 
f r a c t i o n a t e d a n d t h e m i d d l e f r a c t i o n b o i l i n g a t a c o n s t a n t 
± D A . P . P o r z i a t i , J . R e s e a r c h N a t l . B u r . S t a n d a r d s , 
4 4 , 3 8 3 ( 1 9 5 0 ) . 
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t e m p e r a t u r e o f 3 4 C . was c o l l e c t e d a n d s t o r e d a t room 
t e m p e r a t u r e . I t h a d a r e f r a c t i v e i n d e x o f 1 . 3 6 7 0 a t 2 0 ° C . 
The r e p o r t e d b o i l i n g p o i n t a n d r e f r a c t i v e i n d e x o f p r o p y l e n e 
o 1 7 
o x i d e a r e 3 4 C . a n d 1 , 3 6 6 4 , r e s p e c t i v e l y . 
The a luminum c h l o r i d e u s e d i n a l l t h e r e a c t i o n s was 
t a k e n f r o m one p o u n d b o t t l e s o f B a k e r ' s A n h y d r o u s Aluminum 
C h l o r i d e a n d u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
Run 1 , — I n t o a two l i t e r t h r e e - n e c k e d f l a s k , f i t t e d w i t h a 
s t i r r e r , t h e r m o m e t e r a n d d r o p p i n g f u n n e l , was a d d e d 6 9 6 m l . 
( 5 8 9 g . , 4 . 9 m o l e s ) o f cumene and 1 4 6 . 2 g . ( 1 . 1 m o l e s ) o f 
a n h y d r o u s a luminum c h l o r i d e . The f l a s k was i m m e r s e d i n a n 
i c e b a t h . I n t o t h e d r o p p i n g f u n n e l was a d d e d 6 9 6 m l . 
( 5 8 9 g . , 4 . 9 m o l e s ) o f cumene and 6 9 m l . ( 5 8 . 1 g . , 1 . 0 
m o l e s ) o f p r o p y l e n e o x i d e . A f t e r t h e t e m p e r a t u r e o f t h e 
m i x t u r e i n t h e f l a s k h a d d r o p p e d t o 5 ° C , t h e s l o w a d d i t i o n 
o f t h e c o n t e n t s o f t h e d r o p p i n g f u n n e l was b e g u n . The r a t e 
o f a d d i t i o n was r e g u l a t e d t o k e e p t h e t e m p e r a t u r e o f t h e 
r e a c t i o n m i x t u r e b e t w e e n 6 a n d 7 ° C . The c o l o r o f t h e m i x ­
t u r e i n t h e f l a s k c h a n g e d f r o m g r e y t o y e l l o w t h e n t o g r e e n 
d u r i n g t h e a d d i t i o n . The a d d i t i o n was c o m p l e t e i n one h o u r 
t w e n t y - f i v e m i n u t e s , a n d s t i r r i n g was c o n t i n u e d f o r a n 
a d d i t i o n a l one h o u r t h i r t y m i n u t e s d u r i n g w h i c h t i m e t h e 
t e m p e r a t u r e s l o w l y d r o p p e d t o 1 ° C . The r e a c t i o n m i x t u r e 
M. T . R o g e r s , J . Am. Chem. S o c , 6 9 , 2 5 4 4 ( 1 9 4 7 ) . 
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was poured onto 300 m l . of water and 700 g. of ice, with 
vigorous stirring. After the ice melted, the oil and water 
mixture was poured into a three liter separatory funnel, 
shaken thoroughly, allowed to settle, and separated. The 
organic layer was washed successively with 100 m l . of water, 
100 m l . of a five per cent solution of sodium carbonate, 
and then with 100 m l . of a dilute solution of sodium 
chloride. The sodium chloride was added to the last wash 
solution to speed the separation of the two layers. The 
organic layer was dried with anhydrous sodium sulfate over 
night. The sodium sulfate drying agent was filtered from 
the solution of the product and washed with one portion of 
100 m l . of cumene. The excess cumene was distilled off at 
a pressure of 72 mm. of mercury. Thirteen hundred twenty-
two m l . of material boiling from 50-80°C. was collected, 
of which 1110 m l . were pure cumene boiling at 80°G. and 
having a refractive index of 1.4882 at 25°C. 
The products from the reactions of cumene and pro-
18 
pylene oxide were vacuum fractionated in a Todd column 
90 cm. long and 12 mm. in diameter. The column was packed 
with Podbielniak's Heli-Pak N o . 2917 random packing. The 
vacuum fractionations were carried out with the column 
connected to a pressure regulator controlled by a manostat 
operating a leak valve. The take-off assembly was designed 
fF. Todd, Ind. Eng. Chem., Anal. Ed., 1 7 , 175 (1945). 
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to allow changing of receivers without disturbing the pres­
sure while operating under vacuum. 
The 120 g. of product was transferred to a 200 m l . 
flask and fractionated at a pressure of 3.5 mm. of mercury. 
The fractionation data are given in Table 1. 
A plot of the weight of product against the distilling 
temperature, Figure 1, indicates two products from the re­
action of cumene and propylene oxide. The total yield of 
product, based on one mole of propylene reacted with one 
mole of cumene, was 48.9 per cent of theory. The yield of 
the lower boiling material, calculated from the rectifica­
tion curve, was 54.0 per cent of the total yield. 
Run 2 . — T h e same general procedure and the same amounts of 
chemicals were used in this run as in Run 1. During the 
preparation of the cumene-propylene oxide mixture it was 
noted that the cumene, previously stored over sodium wire, 
became cloudy when exposed to air. A precipitate was 
apparent in few minutes and was found to be strongly 
basic. The addition of the contents of the dropping funnel 
required one hour thirty minutes with the temperature re­
maining between 8 and 10°C. The stirring was continued 
for an additional one hour thirty minutes during which the 
temperature slowly dropped to 2°C. After separation of the 
two layers, the organic layer was washed successively with 
100 m l . of water, 100 m l . of a 5 per cent solution of 
9 
Table 1. Fractionation of Product from Run 1 
Fraction Temperature Pressure Total Wt. n 
No. ° C . mm. Hg. g. 
1 - 6 1 6 3 . 1 
2 6 1 - 6 6 It 4 . 7 
3 6 1 - 9 0 3 . 5 6 . 8 
4 9 0 - 1 0 6 . 5 rr 7 . 9 LO 1 0 6 . 5 - 1 0 7 it 1 0 . 4 1 . 5 1 0 8 
6 1 0 7 - 1 0 8 it 3 4 . 5 1 . 5 1 2 6 
7 1 0 8 - 1 0 8 it 4 9 . 1 1 . 5 1 2 8 
8 1 0 8 - 1 1 0 ti 5 3 . 2 1 . 5 1 2 0 
9 1 1 0 - 1 1 1 ii 5 7 . 3 1 . 5 1 1 8 
1 0 1 1 1 - 1 1 2 u 6 0 . 5 1 . 5 1 1 9 
1 1 1 1 2 - 1 1 2 I I 8 3 . 0 1 . 5 1 1 9 
1 2 1 1 2 - 1 1 2 »i 9 5 . 1 1 . 5 1 1 8 
115 
'C. 
110 
105 
100 
95 
90 
85 
20 
± 
40 60 
Weight, grams 
80 100 
Figure 1. Run 1 Rectification Curve 
H 
O 
1 1 
s o d i u m c a r b o n a t e , a n d a g a i n w i t h 1 0 0 m l . o f w a t e r . The 
o r g a n i c l a y e r was t h e n d r i e d w i t h a n h y d r o u s s o d i u m s u l f a t e 
o v e r t h e w e e k e n d . The d r y i n g a g e n t was r e m o v e d b y f i l t r a t i o n , 
w a s h e d , and t h e e x c e s s cumene was d i s t i l l e d a s i n Run 1 . 
The r e m a i n i n g p r o d u c t was f r a c t i o n a t e d a t a p r e s s u r e o f 
3 . 5 mm. o f m e r c u r y , T a b l e 2 . The r e c t i f i c a t i o n c u r v e , 
F i g u r e 2 , i n d i c a t e s two m a i n p r o d u c t s f r o m t h e r e a c t i o n o f 
cumene a n d p r o p y l e n e o x i d e . The t o t a l y i e l d o f p r o d u c t , 
b a s e d on one m o l e o f p r o p y l e n e o x i d e , was 5 5 . 6 p e r c e n t o f 
t h e o r y . The y i e l d o f l o w e r b o i l i n g m a t e r i a l , c a l c u l a t e d 
f r o m t h e r e c t i f i c a t i o n c u r v e , was 5 5 . 3 p e r c e n t o f t h e 
t o t a l y i e l d . 
F r a c t i o n 3 , b o i l i n g a t 5 9 ° G . and h a v i n g a r e f r a c t i v e 
i n d e x o f 1 . 4 8 7 3 a t 2 5 ° C , was b e l i e v e d t o b e 1 , 3 - d i - i s o -
p r o p y l - b e n z e n e . The b o i l i n g p o i n t " 1 - 9 a t 3 . 5 mm. o f m e r c u r y 
a n d t h e r e f r a c t i v e i n d e x 2 0 a t 2 5 ° G . o f 1 , 3 - d i - i s o - p r o p y l -
b e n z e n e a r e 5 9 ° C . a n d 1 . 4 8 7 4 8 , r e s p e c t i v e l y . 
Run 5 . — T h e same g e n e r a l p r o c e d u r e a n d t h e same a m o u n t s o f 
c h e m i c a l s w e r e u s e d i n t h i s r u n a s i n Run 1 . The t e m p e r a ­
t u r e o f t h e r e a c t i o n was m a i n t a i n e d a t o r b e l o w 5 ° G . b y t h e 
a d d i t i o n o f t h e c o n t e n t s o f t h e d r o p p i n g f u n n e l o v e r a 
p e r i o d o f t h r e e h o u r s . S t i r r i n g was c o n t i n u e d f o r one h o u r 
1 9 D . R . S t u l l , I n d . E n g . G h e m . , 3 9 , 5 3 2 ( 1 9 4 7 ) . 
2 0 F . W. M e l p o l d e r , J. E . W o o d b r i d g e a n d C . E . H e a d i n g -
t o n , J . Am. Ghem. S o c , 7 0 , 9 3 5 ( 1 9 4 8 ) . 
Table 2 . Fractionation of Product from Run 2 
Fraction Temperature Pressure Total W t . n 2 § 
No. '°C. mm. Hg. g. 
1 - 5 0 3.5 
2 50-59 tt 1 2 . 2 1.4870 
3 59-59 u 26.0 1.4873 
4 5 9 - 6 0 . 5 it 33.3 1.4883 
5 6 0 . 5 - 6 2 ti 35.4 1.4890 
6 6 2 - 1 0 0 . 5 it 3 7 . 4 1.5020 
7 1 0 0 . 5 - 1 0 5 tl 3 7 . 8 1.5088 
8 1 0 5 - 1 0 6 tt 39.0 1.5108 
9 1 0 6 - 1 0 6 . 2 tt 4 1 . 2 1.5113 
10 1 0 6 . 2 - 1 0 7 It 43.3 1.5116 
11 1 0 7 - 1 0 7 . 1 tl 4 9 . 1 1.5118 
12 1 0 7 . 1 - 1 0 7 . 1 1t 56.3 1.5120 
13 1 0 7 . 1 - 1 0 7 . 1 tl 67.1 . 1.5126 
1 4 1 0 7 . 1 - 1 0 7 . 2 II 7 2 . 1 1.5125 
1 5 1 0 7 . 2 - 1 0 7 . 4 II 7 8 . 6 1.5127 
16 1 0 7 . 4 - 1 0 7 . 4 II 8 7 . 5 1.5127 
17 1 0 7 . 4 - 1 0 7 . 6 II 89.2 1.5125 
1 8 1 0 7 . 6 - 1 1 0 II 9 3 . 8 1.5128 
19 1 1 0 - 1 1 1 . 5 tt 9 9 . 7 1.5121 
20 1 1 1 . 5 - 1 1 2 tl 1 2 1 . 2 1.5122 
21 1 1 2 - 1 1 2 tl 1 3 5 . 1 1.5125 
22 1 1 2 - 1 1 2 It 138.1 1.5118 
120 r 
110 
100 h 
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80 
Ten». 
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Figure 2. Run 2 R e c t i f i c a t i o n Curve 
1 4 
t h i r t y m i n u t e s a f t e r c o m p l e t i o n o f t h e a d d i t i o n . A f t e r t h e 
s e p a r a t i o n o f t h e two l a y e r s , t h e w a t e r l a y e r was e x t r a c t e d 
w i t h 5 0 m l . o f cumene a n d t h e e x t r a c t was a d d e d t o t h e o r ­
g a n i c l a y e r . The o r g a n i c l a y e r was t h e n w a s h e d a n d d r i e d 
i n t h e same m a n n e r a s i n Run 2 . The d r y i n g a g e n t was f i l ­
t e r e d f r o m t h e s o l u t i o n o f t h e p r o d u c t a n d w a s h e d o n c e w i t h 
5 0 m l . o f c u m e n e . E x c e s s cumene was d i s t i l l e d a t a p r e s s u r e 
o f 3 7 mm. o f m e r c u r y . The r e m a i n i n g p r o d u c t was f r a c t i o n a t e d 
i n t o 6 3 f r a c t i o n s a t a b o u t 5 mm. o f p r e s s u r e , T a b l e 3 . The 
r e c t i f i c a t i o n c u r v e , F i g u r e 3 , i n d i c a t e s two m a i n p r o d u c t s 
f r o m t h e r e a c t i o n o f cumene w i t h p r o p y l e n e o x i d e . The t o t a l 
y i e l d o f p r o d u c t , b a s e d on one m o l e o f p r o p y l e n e o x i d e , was 
5 9 . 1 p e r c e n t o f t h e o r y . The y i e l d o f l o w e r b o i l i n g m a t e r i ­
a l was 5 3 . 7 p e r c e n t o f t h e t o t a l y i e l d . 
F r a c t i o n s 2 t h r o u g h 1 9 w e r e i d e n t i f i e d a s m i x t u r e s o f 
i s o m e r i c d i - i s o - p r o p y l - b e n z e n e s . The b o i l i n g p o i n t 2 1 a t a 
op
 n 
p r e s s u r e o f 5 mm. a n d t h e r e f r a c t i v e i n d e x a t 2 5 G. o f 
1 , 2 - d i - i s o - p r o p y l - b e n z e n e a r e 6 7 . 8 ° C . and 1 . 4 9 3 7 3 , r e s p e c ­
t i v e l y . T h e y a r e 6 2 . 3 ° G . and 1 . 4 8 7 4 8 f o r 1 , 3 - d i - i s o - p r o p y l -
o ? ? 
b e n z e n e , a n d 7 0 . 1 C . a n d 1 . 4 8 9 8 3 f o r 1 , 4 - d i - i s o - p r o p y l -
b e n z e n e . 
The i n f r a r e d s p e c t r a o f f r a c t i o n 1 1 was d e t e r m i n e d 
f r o m 1 0 t o 1 4 . 5 m i c r o n s w a v e l e n g t h u s i n g a B e c k m a n I R - 2 
S t u l l , l o c . c i t . 
! M e l p o l d e r , W o o d b r i d g e a n d H e a d i n g t o n , l o c . c i t . 
1 5 
T a b l e 3 . F r a c t i o n a t i o n o f P r o d u c t f r o m Run 3 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n 2 ^ 
N o . ° C . mm. Hg. g . D 
1 - 5 4 5 . 0 1 . 5 2 
2 5 4 - 5 8 . 5 t» 2 . 5 4 
3 5 8 . 5 - 5 9 . 5 it 3 . 3 9 
4 5 9 . 5 - 6 0 . 0 ti 4 . 7 3 
5 5 9 . 5 - 6 0 . 0 ti 5 . 6 7 
6 6 0 . 0 - 6 0 . 5 tt 6 . 5 3 
7 6 0 . 5 - 6 1 . 8 it 8 . 2 4 
8 6 1 . 8 - 6 2 . 0 n 9 . 4 1 1 . 4 8 5 6 
9 6 2 . 0 - 6 2 . 6 I I 1 1 . 2 2 1 . 4 8 6 4 
1 0 6 2 . 6 - 6 3 . 0 ii 1 2 . 8 3 1 . 4 8 6 9 
1 1 6 3 . 0 - 6 3 . 5 I I 1 4 . 8 5 1 . 4 8 7 3 
1 2 6 3 . 5 - 6 3 . 9 It 1 6 . 9 2 1 . 4 8 7 7 
1 3 6 3 . 9 - 6 4 . 5 I I 1 9 . 1 4 1 . 4 8 7 7 
1 4 6 4 . 5 - 6 5 . 0 I I 2 0 . 8 6 1 . 4 8 7 9 
1 5 6 5 . 0 - 6 6 . 0 tt 2 3 . 1 1 1 . 4 8 8 1 
1 6 6 5 . 5 - 6 6 . 5 I I 2 6 . 0 7 1 . 4 8 8 5 
1 7 6 6 . 5 - 6 7 . 0 tl 2 8 . 8 6 1 . 4 8 9 0 
1 8 6 7 . 0 - 6 7 . 0 I I 3 1 . 7 1 1 . 4 8 9 1 
1 9 6 7 . 0 - 6 7 . 5 I I 3 2 . 2 1 1 . 4 8 9 3 
2 0 6 7 . 5 - 1 0 5 . 0 tt 3 3 . 5 9 1 . 4 9 5 1 
2 1 1 0 5 . 0 - 1 1 1 . 0 ft 3 5 . 2 4 1 . 5 0 7 0 
2 2 1 1 1 . 0 - 1 1 1 . 8 tt 3 6 . 6 2 1 . 5 1 0 8 
2 3 1 1 1 . 8 - 1 1 2 . 0 tl 3 7 . 5 1 1 . 5 1 1 0 
2 4 1 1 2 . 0 - 1 1 2 . 0 I I 3 9 . 1 0 1 . 5 1 1 6 
2 5 1 1 2 . 0 - 1 1 2 . 5 tt 4 3 . 8 0 1 . 5 1 1 8 
2 6 1 1 2 . 5 - 1 1 2 . 8 ft 4 5 . 4 8 1 . 5 1 1 7 
2 7 1 1 2 . 8 - 1 1 2 . 8 tt 4 8 . 0 7 1 . 5 1 1 8 
2 8 1 1 2 . 8 - 1 1 3 . 0 tt 4 9 . 0 1 1 . 5 1 2 0 
2 9 1 1 3 . 0 - 1 1 3 . 5 tl 5 1 . 1 8 1 . 5 1 2 0 
3 0 1 1 3 . 2 - 1 1 3 . 2 I I 5 2 . 5 5 1 . 5 1 2 0 
3 1 1 1 2 . 0 - 1 1 2 . 5 I I 5 3 . 9 3 1 . 5 1 2 5 
3 2 1 1 2 . 5 - 1 1 2 . 9 tl 5 5 . 0 8 1 . 5 1 2 9 
3 3 1 1 2 . 9 - 1 1 3 . 0 tl 5 5 . 9 8 1 . 5 1 2 8 
3 4 1 1 3 . 0 - 1 1 3 . 0 I I 5 7 . 2 8 1 . 5 1 2 5 
3 5 1 1 2 . 0 - 1 1 2 . 0 tt 5 9 . 1 1 1 . 5 1 2 5 
3 6 1 1 2 . 0 - 1 1 2 . 0 I I 6 0 . 9 1 1 . 5 1 2 3 
3 7 1 1 2 . 0 - 1 1 2 . 2 I I 7 4 . 6 5 1 . 5 1 2 3 
3 8 1 1 1 . 0 - 1 1 1 . 7 4 . 5 7 6 . 7 9 1 . 5 1 2 9 
1 6 
T a b l e 3 . C o n t i n u e d 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n' 
N o . ° C mm. H g . g . 
3 9 1 1 1 . 7 - 1 1 2 . 0 4 . 5 8 0 . 3 7 1 . 5 1 2 6 
4 0 1 1 2 . 0 - 1 1 2 . 2 ti 8 6 . 0 6 1 . 5 1 2 5 
4 1 1 1 2 . 0 - 1 1 2 . 2 ti 9 0 . 2 2 1 . 5 1 2 5 
4 2 
4 3 1 1 4 . 5 - 1 1 5 . 9 4 . 7 9 1 . 4 2 1 . 5 1 4 0 
4 4 1 1 5 . 9 - 1 1 7 . 0 5 . 0 9 2 . 4 4 1 . 5 1 3 4 
4 5 1 1 7 . 0 - 1 1 7 . 5 ti 9 3 . 2 1 1 . 5 1 3 0 
4 6 1 1 7 . 5 - 1 1 7 . 6 it 9 4 . 2 2 1 . 5 1 3 0 
4 7 1 1 7 . 6 - 1 1 7 . 7 tt 9 5 . 1 0 1 . 5 1 2 6 
4 8 1 1 7 . 7 - 1 1 7 . 5 I I 9 6 . 5 6 1 . 5 1 2 6 
4 9 1 1 7 . 5 - 1 1 8 . 0 tt 9 8 . 9 6 1 . 5 1 2 3 
5 0 1 1 8 . 0 - 1 1 9 . 0 tt 9 9 . 9 4 1 . 5 1 2 1 
5 1 1 1 9 . 0 - 1 1 9 . 7 tt 1 0 1 . 4 5 1 . 5 1 2 1 
5 2 1 1 9 . 5 - 1 1 9 . 6 tt 1 0 4 . 4 7 1 . 5 1 2 3 
5 3 1 1 9 . 6 - 1 1 9 . 6 n 1 0 5 . 8 2 1 . 5 1 2 0 
5 4 1 1 7 . 5 - 1 1 7 . 6 4 . 5 1 0 7 . 1 1 1 . 5 1 2 0 
5 5 1 1 7 . 6 - 1 1 7 . 7 tt 1 0 8 . 5 7 1 . 5 1 2 0 
5 6 1 1 7 . 7 - 1 1 7 . 8 ti 1 1 2 . 7 2 1 . 5 1 2 0 
5 7 1 1 7 . 9 - 1 1 8 . 0 ii 1 1 5 . 1 2 1 . 5 1 2 0 
5 8 1 1 8 . 0 - 1 1 8 . 0 ti 1 2 0 . 1 1 1 . 5 1 2 9 
5 9 1 1 8 . 0 - 1 1 7 . 8 tt 1 2 4 . 3 1 1 . 5 1 2 9 
6 0 1 1 7 . 8 - 1 1 7 . 0 tt 1 2 8 . 2 9 1 . 5 1 2 7 
6 1 it 1 3 2 . 8 2 1 . 5 1 2 9 
6 2 it 1 3 4 . 6 6 1 . 5 1 2 6 
6 3 I I 1 4 0 . 8 5 1 . 5 1 3 5 
Figure 3 . Run 3 Rectification Curve 
1 8 
I n f r a r e d s p e c t r o m e t e r . The a b s o r p t i o n s a t 1 2 . 0 3 , 1 2 . 5 8 , 
and 13 .>1 m i c r o n s a r e c h a r a c t e r i s t i c o f 1 , 4 - 1 , 3 - and 1 , 2 -
2 2 
d i - i s o - p r o p y l - b e n z e n e , r e s p e c t i v e l y . 
To v e r i f y f u r t h e r t h e p r e s e n c e o f I s o m e r i c d i - i s o -
p r o p y l - b e n z e n e s , t h e e f f e c t o f a n h y d r o u s a luminum c h l o r i d e 
on cumene u n d e r t h e c o n d i t i o n s o f t h e r e a c t i o n was i n v e s t i ­
g a t e d . I n a 5 0 0 m l . f l a s k , 1 4 . 2 g . ( 0 . 1 m o l e ) o f a l u m i n u m 
c h l o r i d e a n d 1 1 7 . 8 g . ( 0 . 9 8 m o l e ) o f cumene w e r e s t i r r e d 
f o r f o u r h o u r s a t a t e m p e r a t u r e o f 5 - 1 0 ° C . The r e a c t i o n 
m i x t u r e was p o u r e d o n t o 3 0 m l . o f w a t e r a n d 7 0 g . o f i c e 
w i t h v i g o r o u s s t i r r i n g . The two l a y e r s w e r e s e p a r a t e d 
a n d t h e o r g a n i c l a y e r w a s h e d w i t h two 2 5 m l . p o r t i o n s o f a 
5 p e r c e n t s o d i u m c a r b o n a t e s o l u t i o n t h e n w i t h f o u r 1 0 m l . 
p o r t i o n s o f w a t e r . The o r g a n i c l a y e r was d r i e d w i t h a n ­
h y d r o u s s o d i u m s u l f a t e o v e r n i g h t . The i n f r a r e d s p e c t r a 
o f t h e cumene b e f o r e and a f t e r t r e a t m e n t w i t h a luminum 
c h l o r i d e was r u n f r o m 1 0 . 0 t o 1 4 . 5 m i c r o n s w a v e l e n g t h . 
The a b s o r p t i o n s a t 1 2 . 0 2 a n d 1 2 . 5 8 m i c r o n s t h a t w e r e shown 
b y t h e cumene a f t e r t r e a t m e n t w i t h a luminum c h l o r i d e a n d 
n o t b e f o r e , a r e c h a r a c t e r i s t i c o f 1 , 4 - a n d 1 , 3 - d i - i s o - p r o p y l -
b e n z e n e , r e s p e c t i v e l y . 2 3 T h i s f a i r l y w e l l e s t a b l i s h e s 
t h a t I s o m e r i c d i - i s o - p r o p y l - b e n z e n e s w e r e p r o d u c e d d u r i n g 
t h e r e a c t i o n o f cumene a n d p r o p y l e n e o x i d e a n d w e r e p r e s e n t 
i n f r a c t i o n s 2 t h r o u g h 1 9 f r o m Run 3 . 
M e l p o l d e r , W o o d b r i d g e a n d H e a d i n g t o n , l o c . c i t . 
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Run 4 . — The same general procedure and the same amounts of 
chemicals were used in this run as in Run 1. The temperature 
of the reaction was maintained at or below 5°G. during the 
addition of the contents of the dropping funnel, which re­
quired three hours four minutes. Stirring was continued 
for an additional thirty minutes. After the separation of 
the two layers, the water layer was extracted with 20 m l . 
of cumene. The organic layer, along with the cumene ex­
tract, was washed and dried in the same manner as in Run 2. 
The sodium sulfate was filtered from the solution of the 
product and the excess cumene was distilled off at a pres­
sure of 110 mm. of mercury. The remaining product was 
fractionated at a pressure of 5 mm. into 37 fractions, 
Table 4. The rectification curve, Figure 4, indicated two 
main products from the fractionation. The total yield of 
product, based on one mole of propylene oxide, was 63.4 
per cent of theory. The yield of the lower boiling material, 
calculated from the rectification curve, was 54 per cent of 
the total yield. 
Run 5 . — T h e same general procedure and the same amounts of 
chemicals were used in this run as in Run 1. The addition 
of the contents of the dropping funnel required one hour 
forty-five minutes during which the temperature remained 
between 4 and 6°G. The stirring was continued for thirty 
minutes after the addition was complete. The organic layer 
2 0 
T a b l e 4 . F r a c t i o n a t i o n o f P r o d u c t f r o m Run 4 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n' 
N o . ° G . mm. Hg. g . 
1 - 6 7 5 . 0 2 . 5 0 
2 6 7 - 1 1 0 ii 4 . 8 1 
3 1 1 0 - 1 1 2 tt 5 . 6 3 
4 1 1 1 . 2 - 1 1 2 . 0 tt 6 . 5 6 
5 1 1 2 . 0 - 1 1 2 . 1 ti 7 . 6 2 
6 1 1 2 . 1 - 1 1 2 . 2 tt 8 . 5 6 1 . 5 1 1 3 
7 1 1 2 . 2 - 1 1 2 . 5 tt 9 . 8 6 1 . 5 1 1 6 
8 1 1 2 . 5 - 1 1 2 . 7 n 1 0 . 8 9 1 . 5 1 1 5 
9 1 1 3 . 0 - 1 1 3 . 2 I I 1 2 . 4 8 1 . 5 1 1 5 
1 0 1 1 2 . 6 - 1 1 2 . 8 it 1 4 . 2 4 1 . 5 1 1 9 
1 1 1 1 2 . 8 - 1 1 2 . 9 ti 1 7 . 0 3 1 . 5 1 2 6 
1 2 1 1 2 . 8 - 1 1 3 . 0 it 1 9 . 0 2 1 . 5 1 2 5 
1 3 1 1 2 . 6 - 1 1 3 . 0 ti 2 6 . 4 3 1 . 5 1 3 0 
1 4 1 1 3 . 0 - 1 1 3 . 0 ti 3 3 . 9 5 1 . 5 1 3 0 
1 5 1 1 3 . 0 - 1 1 3 . 2 ti 4 2 . 8 1 1 . 5 1 3 1 
1 6 1 1 3 . 2 - 1 1 3 . 3 tt 4 4 . 0 5 1 . 5 1 2 5 
1 7 1 1 3 . 3 - 1 1 3 . 3 ti 4 7 . 1 4 1 . 5 1 2 8 
1 8 1 1 3 . 3 - 1 1 3 . 3 ti 5 3 . 6 3 1 . 5 1 3 0 
1 9 1 1 3 . 3 - 1 1 3 . 5 tt 5 7 . 3 6 1 . 5 1 3 4 
2 0 1 1 3 . 5 - 1 1 3 . 9 Tl 6 0 . 1 4 1 . 5 1 3 1 
2 1 1 1 3 . 9 - 1 1 4 . 4 tl 6 3 . 5 0 1 . 5 1 3 2 
2 2 1 1 4 . 2 - 1 1 4 . 6 I I 6 5 . 3 7 1 . 5 1 2 9 
2 3 1 1 4 . 6 - 1 1 5 . 0 I I 6 6 . 9 5 1 . 5 1 3 0 
2 4 1 1 5 . 0 - 1 1 6 . 0 tt 6 8 . 5 3 1 . 5 1 3 0 
2 5 1 1 6 . 0 - 1 1 6 . 9 I I 7 0 . 3 5 1 . 5 1 3 0 
2 6 1 1 6 . 9 - 1 1 7 . 1 tt 7 1 . 9 5 
2 7 1 1 7 . 1 - 1 1 7 . 1 tt 7 3 . 2 5 
2 8 1 1 7 . 1 - 1 1 7 . 3 I I 7 4 . 6 3 
2 9 1 1 7 . 3 - 1 1 7 . 5 tl 7 6 . 5 0 
3 0 1 1 7 . 5 - 1 1 7 , 9 tl 7 8 . 6 4 
3 1 1 1 7 . 9 - 1 1 7 . 9 tt 8 6 . 2 7 
3 2 1 1 9 . 0 - 1 1 9 . 0 tl 9 3 . 2 1 
3 3 1 1 9 . 0 - 1 1 9 . 0 I I 1 0 0 . 1 2 
3 4 1 1 9 . 5 - 1 1 9 . 5 tt 1 0 7 . 6 8 
3 5 1 1 9 . 5 - 1 1 9 . 5 tt 1 1 4 . 2 0 
3 6 tl 1 1 7 , 8 4 
3 7 tt 1 1 8 . 6 1 
Figure 4. Run 4 Rectification Curve 
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was washed and dried in the same manner as in Run 2. The 
excess cumene was distilled off at a pressure of 110 mm. of 
mercury after the sodium sulfate had been removed by fil­
tration. The remaining product was fractionated at a pres­
sure of 5 mm. into 33 fractions, Table 5. The rectification 
curve, Figure 5, indicated two main products. The total 
yield of product, based on one mole of propylene oxide, was 
64.6 per cent of theory. The yield of the lower boiling 
material was 53 per cent of the total yield. 
T a b l e 5 . F r a c t i o n a t i o n o f P r o d u c t f r o m Run 5 
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F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n !: 
N o . 0 . mm. Hg. g. 
1 - 1 0 8 5 . 0 4 . 6 6 1 . 4 8 8 3 
2 1 0 5 . 2 - 1 1 2 . 9 tt 5 . 0 9 1 . 5 0 2 0 
3 1 1 2 . 9 - 1 1 3 . 2 I I 5 , 8 4 1 . 5 1 0 0 
4 1 1 3 . 2 - 1 1 3 . 1 tt 6 . 5 3 1 . 5 1 1 5 
5 1 1 0 . 9 - 1 1 1 . 3 ti 7 . 2 6 1 . 5 1 1 6 
6 1 1 1 . 3 - 1 1 1 . 7 tt 7 . 9 3 1 . 5 1 2 0 
7 1 1 1 . 7 - 1 1 1 . 9 it 9 . 0 1 1 . 5 1 2 0 
8 1 1 1 . 4 - 1 1 1 . 6 tt 1 0 . 4 3 1 . 5 1 2 1 
9 1 1 1 . 9 - 1 1 2 . 0 it 1 7 . 3 4 1 . 5 1 2 2 
1 0 1 1 2 . 0 - 1 1 2 . 0 tt 2 4 , 2 1 1 . 5 1 2 8 
1 1 1 1 2 . 0 - 1 1 2 . 0 tt 3 1 . 4 8 1 . 5 1 2 9 
1 2 1 1 2 . 0 - 1 1 2 . 0 tt 3 8 . 4 0 1 . 5 1 3 1 
1 3 1 1 2 . 0 - 1 1 2 . 0 tt 4 4 . 8 2 1 . 5 1 3 1 
1 4 1 1 2 . 0 - 1 1 2 . 2 tt 5 1 . 5 7 1 . 5 1 3 1 
1 5 1 1 2 . 2 - 1 1 2 . 7 tt 5 3 . 7 8 1 . 5 1 3 2 
1 6 1 1 2 . 7 - 1 1 3 . 0 it 5 6 . 2 2 1 . 5 1 3 3 
1 7 1 1 3 . 0 - 1 1 3 . 2 ti 6 0 . 0 4 1 . 5 1 3 3 
1 8 1 1 3 . 2 - 1 1 3 . 5 ti 6 1 . 4 9 1 . 5 1 3 1 
1 9 1 1 3 . 5 - 1 1 4 . 0 tt 6 4 . 7 5 1 . 5 1 3 2 
2 0 1 1 4 . 0 - 1 1 4 . 7 I I 6 6 . 9 2 1 . 5 1 3 0 
2 1 1 1 4 . 7 - 1 1 5 . 0 tt 6 8 . 9 3 1 . 5 1 3 0 
2 2 1 1 5 . 0 - 1 1 5 . 0 it 7 1 . 2 7 1 . 5 1 3 0 
2 3 1 1 5 . 0 - 1 1 5 . 6 tt 7 3 . 0 4 1 . 5 1 3 0 
2 4 1 1 5 . 6 - 1 1 6 . 0 tt 7 5 . 4 7 1 . 5 1 3 0 
2 5 1 1 5 . 9 - 1 1 6 . 1 it 7 8 . 0 3 1 . 5 1 3 0 
2 6 1 1 6 . 1 - 1 1 6 . 2 ti 8 0 . 3 4 1 . 5 1 3 0 
2 7 1 1 6 . 2 - 1 1 6 . 5 it 8 2 . 1 2 1 . 5 1 3 0 
2 8 1 1 6 . 5 - 1 1 6 . 7 it 9 0 . 0 4 1 . 5 1 2 9 
2 9 1 1 6 . 7 - 1 1 6 . 7 n 9 7 . 1 0 
3 0 1 1 6 . 7 - 1 1 6 . 7 tt 1 0 4 . 9 9 
3 1 1 1 6 . 7 - 1 1 6 . 0 ti 1 1 1 . 0 1 
3 2 1 1 8 . 5 0 
3 3 1 2 0 . 1 8 
120 i-
118 h 
110 -
$08 -
I I I I I _ J | 
0 20 40 60 80 100 120 
Weight, grama 
Figure 5. Run 5 Rectification Gxavvm 
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IDENTIFICATION OF PRODUCTS 
E v i d e n c e i s p r e s e n t e d i n t h i s s e c t i o n t o show t h a t 
t h e p r o d u c t s f r o m t h e r e a c t i o n o f cumene w i t h p r o p y l e n e 
o x i d e w e r e a l c o h o l s , t h e r e f o r e t h e y w i l l toe c a l l e d t h e 
h i g h e r tooiling a n d l o w e r tooiling a l c o h o l s t h r o u g h o u t t h e 
s e c t i o n . 
H i g h e r B o i l i n g A l c o h o l . — A f t e r s e v e r a l a t t e m p t s t o o x i d i z e 
t h e a l c o h o l s t o d i b a s i c a c i d s w i t h b a s i c p e r m a n g a n a t e , 
a c i d d i c h r o m a t e , ch romium t r i o x i d e i n g l a c i a l a c e t i c a c i d , 
a n d d i l u t e n i t r i c a c i d , i t was f o u n d t h a t t h e d i l u t e n i t r i c 
a c i d y i e l d e d t h e b e s t r e s u l t s . The h i g h e r b o i l i n g a l c o h o l 
was o x i d i z e d t o t h e d i b a s i c a c i d i n t h e f o l l o w i n g w a y . A 
m i x t u r e o f 1 0 m l . o f f r a c t i o n s 2 2 a n d 2 3 f r o m Run 1 , 7 0 
m l . o f w a t e r a n d 6 0 m l . o f c o n c e n t r a t e d n i t r i c a c i d was 
r e f l u x e d f o r 2 8 h o u r s , a t t h e e n d o f w h i c h n o o i l r e m a i n e d 
i n t h e f l a s k . The r e a c t i o n m i x t u r e was c o o l e d i n i c e d w a t e r , 
f i l t e r e d , a n d t h e s o l i d w a s h e d w i t h c o l d w a t e r . The s o l i d 
was b o i l e d w i t h 1 0 0 m l , o f w a t e r , c o o l e d , a n d f i l t e r e d . 
A f t e r d r y i n g , t h e s o l i d was e x t r a c t e d w i t h b e n z e n e i n a 
S o x h l e t e x t r a c t o r f o r o n e h o u r . The s o l i d r e m a i n i n g i n t h e 
e x t r a c t o r h a d a m e l t i n g p o i n t o f 1 8 0 - 2 0 0 ° C . The m e t h y l 
e s t e r o f t h e a c i d was p r e p a r e d b y h e a t i n g 0 . 2 g . o f t h e 
a c i d w i t h 0 . 5 g . o f p h o s p h o r u s p e n t a c h l o r i d e i n a d r y t e s t 
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t u b e u n t i l a c l e a r l i q u i d was p r o d u c e d , t h e n a d d i n g 1 0 m l . 
o f a b s o l u t e m e t h a n o l t o t h e c o o l e d l i q u i d . A f t e r t h e r e ­
a c t i o n was c o m p l e t e t h e s o l u t i o n was p o u r e d i n t o 1 0 m l . 
o f w a t e r . The w h i t e p r e c i p i t a t e was r e m o v e d b y f i l t r a t i o n 
a n d r e c r y s t a l l i z e d f r o m a m i x t u r e o f o n e m l . o f w a t e r a n d 
f o u r m l . o f m e t h a n o l . The f l a k y w h i t e c r y s t a l s h a d a 
m e l t i n g p o i n t o f 1 3 6 - 1 4 0 ° C A f t e r r e c r y s t a l l i z a t i o n f r o m 
a b s o l u t e m e t h a n o l , t h e m e t h y l e s t e r m e l t e d a t 1 3 9 . 0 - 1 4 0 . 5 ° G . 
The r e p o r t e d m e l t i n g p o i n t o f t h e m e t h y l e s t e r o f t e r e p h -
t h a l i c a c i d i s 1 4 0 ° C . 2 4 T h e r e f o r e , t h e h i g h e r b o i l i n g 
a l c o h o l m u s t b e t h e p a r a i s o m e r . 
The O - a l k y l s a c c h a r i n d e r i v a t i v e o f t h e h i g h e r b o i l i n g 
a l c o h o l ( f r a c t i o n 3 0 , Run 5 ) was p r e p a r e d b y t h e m e t h o d r e -
p o r t e d b y Meadoe and R e i d . u A f t e r f i v e r e c r y s t a l l i z a t i o n s 
f r o m e t h a n o l t h e d e r i v a t i v e h a d a m e l t i n g p o i n t o f 1 6 4 . 8 -
1 6 7 . 0 ° C . 
The w i d e m e l t i n g r a n g e o f t h e d e r i v a t i v e i n d i c a t e d 
t h a t t h e h i g h e r b o i l i n g a l c o h o l was i m p u r e . T h e r e f o r e , a s 
i n d i c a t e d b y t h e r e c t i f i c a t i o n c u r v e s , c e r t a i n f r a c t i o n s 
w e r e c o m b i n e d a n d r e f r a c t i o n a t e d . The f r a c t i o n s c o m b i n e d 
a n d f r a c t i o n a t i o n d a t a a r e g i v e n i n T a b l e 6 . The r e f r a c t i v e 
i n d i c e s g i v e n a r e f o r t h e f r a c t i o n s t h a t w e r e c o l l e c t e d a s 
2 4 S . P . M u l l i k i n , " I d e n t i f i c a t i o n o f P u r e O r g a n i c 
C o m p o u n d s , " J o h n v i i l e y a n d S o n s , I n c . , New Y o r k , N . Y , , 
1 9 0 4 , V o l . I , p . 8 5 . 
PR 
J . R . Meadoe a n d E . E . R e i d , J . Am. Chem. S o c , 
6 5 , 4 5 7 ( 1 9 4 3 ) . 
2 7 
T a b l e 6 . R e f r a c t i o n a t i o n o f H i g h e r B o i l i n g A l c o h o l 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l w t . n' 
No . C . mm. Hg. g . 
1 - 9 8 . 4 3 1 . 5 5 1 . 5 1 3 0 
2 9 8 . 4 - 1 0 0 . 7 M 3.00 1 . 5 1 3 0 
3 1 0 0 . 7 - 1 0 1 . 2 " 4 . 3 4 1 . 5 1 3 0 
4 1 0 1 . 2 - 1 0 3 . 4 1 1 6 . 1 6 1 . 5 1 3 0 
5 1 0 3 . 4 - 1 0 3 . 8 n 7 . 2 9 1 . 5 1 2 9 
6 1 0 3 . 8 - 1 0 3 . 8 n 8 . 7 6 1 . 5 1 2 8 
7 1 0 3 . 8 - 1 0 3 . 6 " 9 . 9 5 1 . 5 1 2 5 
8 1 0 3 . 6 - 1 0 3 . 8 f f 1 1 . 0 2 1 . 5 1 2 2 
9 1 0 3 . 7 - 1 0 3 . 8 " 1 2 . 4 8 1 . 5 1 2 9 
1 0 1 0 3 . 8 - 1 0 4 . 0 " 1 3 . 9 8 1 . 5 1 2 8 
1 1 1 0 4 . 0 - 1 0 3 . 8 1 1 1 5 . 4 3 1 . 5 1 2 7 
1 2 1 0 3 . 7 - 1 0 3 . 9 1 1 1 7 . 1 6 1 . 5 1 2 7 
1 3 1 0 3 . 9 - 1 0 3 . 8 1 1 1 9 . 5 1 1 . 5 1 2 8 
14 1 0 3 . 8 - 1 0 3 . 6 " 2 1 . 5 1 1 . 5 1 2 6 
1 5 1 0 3 . 7 - 1 0 3 . 7 " 2 4 . 3 2 1 . 5 1 2 6 
1 6 1 0 3 . 8 - 1 0 3 . 8 " 2 8 . 0 9 1 . 5 1 2 9 
1 7 1 0 3 . 8 - 1 0 3 . 7 " 3 2 . 4 8 1 . 5 1 3 0 
1 8 1 0 3 . 7 - 1 0 3 , 4 " 3 6 . 2 7 
1 9 1 0 3 . 4 - 1 0 3 . 4 " 4 2 . 1 9 
2 0 1 0 3 . 4 - 1 0 3 . 2 " 4 6 . 9 6 
2 1 1 0 3 . 2 - 1 0 3 . 2 " 5 3 . 5 5 
2 2 1 0 3 . 2 - 1 0 3 . 2 " 5 8 . 0 1 1 . 5 1 3 0 
2 3 1 0 3 . 5 - 1 0 3 . 2 " 6 3 . 1 6 1 . 5 1 2 9 
2 4 1 0 3 . 2 - 1 0 3 . 2 " 6 7 . 1 3 1 . 5 1 2 9 
2 5 1 0 3 . 3 - 1 0 3 . 4 " 7 2 . 9 6 
2 6 1 0 3 . 4 - 1 0 3 . 4 " 7 7 . 9 1 
2 7 1 0 3 . 4 - 1 0 3 . 2 " 8 4 . 1 9 
2 8 1 0 3 . 2 - 1 0 3 . 3 " 9 0 . 1 2 
2 9 1 0 3 . 2 - 1 0 3 . 3 " 9 5 . 6 1 
C h a r g e : F r a c t i o n N o s . 2 0 - 2 1 f r o m Run 2 
F r a c t i o n N o s . 4 6 - 6 1 f r o m Run 3 
F r a c t i o n N o s . 2 6 - 3 6 f r o m Run 4 
F r a c t i o n N o s . 2 9 - 3 2 f r o m Run 5 
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T a b l e 6 . C o n t i n u e d 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n' 
N o . ° G . mm. H g . g . 
3 0 1 0 3 . 2 - 1 0 3 . 2 3 1 0 0 . 8 5 
3 1 1 0 3 . 2 - 1 0 3 . 4 M 1 0 7 . 6 5 
3 2 1 0 3 . 2 - 1 0 3 . 4 " 1 1 3 . 6 1 
3 3 1 0 3 . 4 - 1 0 3 . 2 1 1 1 2 0 . 3 2 
3 4 1 0 3 . 4 - 1 0 4 . 3 " 1 2 6 . 5 0 
3 5 1 0 4 . 8 - 1 0 4 . 9 » 1 2 9 . 5 6 
3 6 1 0 5 . 2 - 1 0 5 . 2 " 1 3 2 . 1 5 
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liquids; all other fractions were obtained as solids. A 
heat lamp was used to melt the solid as it collected in the 
take-off assembly from fractions 16 through the remainder 
of the fractionation. 
The O-alkylsaccharin derivative of fraction 19 of 
the refractionated higher boiling alcohol melted from 166.5-
168.2°C. after four recrystallizations. 
The wide melting range of the derivative indicated 
that the refractionated higher boiling alcohol was impure. 
This was further indicated by the melting points of fractions 
of the redistilled alcohol. Fraction 10 melted from 42.5-
44.0°C. Fraction 25 melted from 43.5-44.5°C. and fraction 
34 melted from 44.0-45.5°C. No further attempts were made 
to purify the higher boiling alcohol. 
Several attempts were made to prepare the p-nitro-
phenyl-urethan and the alpha-naphthylurethan of the alcohol 
but a solid derivative could not be obtained. 
Lower Boiling A l c o h o l . — A representative sample of the lower 
boiling alcohol was oxidized to the dibasic acid with dilute 
nitric acid. Into a 300 m l . flask equipped with a reflux 
condenser was added 10 m l . of fractions 17 and 18 from 
Run 1, 100 m l . of water, and 25 m l . of concentrated nitric 
acid. The mixture was refluxed 54 hours during which 40 ml. 
of concentrated nitric acid was added. The mixture was 
cooled and filtered. The solid collected was boiled with 
3 0 
5 0 m l . o f w a t e r , c o o l e d , f i l t e r e d , a n d d r i e d . The l i g h t 
y e l l o w s o l i d was e x t r a c t e d w i t h b e n z e n e i n a S o x h l e t e x ­
t r a c t o r f o r a b o u t f i v e h o u r s t h e n r e m o v e d and d r i e d . The 
l i g h t y e l l o w s o l i d h a d a m e l t i n g p o i n t o f 3 3 8 - 3 4 4 ° C . The 
r e p o r t e d m e l t i n g p o i n t o f i s o p h t h a l i c a c i d i s 3 4 5 - 3 4 7 ° C . 2 6 
The m e t h y l e s t e r was p r e p a r e d b y h e a t i n g 0 . 2 g . o f t h e a c i d 
w i t h 0 . 5 g . o f p h o s p h o r u s p e n t a c h l o r i d e i n a d r y t e s t t u b e 
u n t i l a c l e a r l i q u i d was o b t a i n e d , t h e n a d d i n g two m l , o f 
a b s o l u t e m e t h a n o l t o t h e c o o l e d l i q u i d . A f t e r t h e r e a c t i o n 
was c o m p l e t e , t h e s o l u t i o n was p o u r e d i n t o f i v e m l . o f c o l d 
w a t e r . The w h i t e p r e c i p i t a t e was f i l t e r e d f r o m t h e s o l u ­
t i o n a n d d r i e d . I t m e l t e d f r o m 5 8 - 6 1 ° C . A f t e r r e c r y s t a l -
l i z a t i o n f r o m a one t o o n e m i x t u r e o f e t h a n o l a n d w a t e r t h e 
m e t h y l e s t e r h a d a m e l t i n g p o i n t o f 6 4 - 6 4 . 5 ° G . The r e p o r t e d 
m e l t i n g p o i n t o f t h e m e t h y l e s t e r o f i s o p h t h a l i c a c i d i s 
o 2 7 
6 4 C . T h i s i n d i c a t e d t h a t t h e l o w e r b o i l i n g a l c o h o l was 
t h e m e t a i s o m e r . 
The 0 - a l k y l s a c c h a r i n d e r i v a t i v e o f t h e l o w e r b o i l i n g 
a l c o h o l was p r e p a r e d f r o m c o m b i n e d f r a c t i o n s 1 7 a n d 1 8 f r o m 
Run 1 . A f t e r f i v e r e c r y s t a l l i z a t i o n s f r o m e t h a n o l t h e d e ­
r i v a t i v e m e l t e d f r o m 1 1 0 - 1 4 0 ° C . 
The w i d e m e l t i n g r a n g e o f t h e d e r i v a t i v e i n d i c a t e d 
t h a t t h e l o w e r b o i l i n g a l c o h o l p r o b a b l y was a m i x t u r e o f 
B e i l s t e i n , "Handbuch d e r o r g a n i s c h e n C h e m i e , " 
J u l i u s S p r i n g e r , B e r l i n , 4 t h e d . , V o l . IX, 1 9 2 6 , p . 8 3 3 . 
M u l l i k i n , l o o , c i t . 
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a l c o h o l s . T h e r e f o r e , a s shown b y t h e r e c t i f i c a t i o n c u r v e s , 
c e r t a i n l o w e r b o i l i n g a l c o h o l f r a c t i o n s w e r e c o m b i n e d a n d 
r e f r a c t i o n a t e d . The f r a c t i o n s c o m b i n e d a n d t h e f r a c t i o n a ­
t i o n d a t a a r e g i v e n i n T a b l e 7 . The r e f r a c t i v e i n d i c e s o f 
t h e f r a c t i o n s f r o m t h e r e f r a c t i o n a t i o n c l e a r l y show t h a t 
t h e l o w e r b o i l i n g a l c o h o l was a m i x t u r e o f compounds i n ­
s e p a r a b l e b y t h i s t y p e o f d i s t i l l a t i o n . No f u r t h e r a t t e m p t s 
w e r e made t o p u r i f y t h e l o w e r b o i l i n g a l c o h o l . 
The d e n s i t y o f c o m b i n e d f r a c t i o n s 23 t h r o u g h 2 7 , 
T a b l e 7 , o f t h e l o w e r b o i l i n g a l c o h o l was d e t e r m i n e d w i t h 
a two m l . p y c n o m e t e r c a l i b r a t e d w i t h m e r c u r y and d i s t i l l e d 
w a t e r a t 2 5 ° C . w i t h r e f e r e n c e t o w a t e r a s 1 . 0 0 0 0 0 g . p e r m l . 
a t 4 ° C . The a v e r a g e d e n s i t y f r o m t h r e e d e t e r m i n a t i o n s was 
0 . 9 5 8 3 g . p e r m l . a t 2 5 ° G . The e x p e r i m e n t a l m o l a r r e f r a c ­
t i o n 2 ^ was f o u n d t o a g r e e w i t h t h e m o l a r r e f r a c t i o n c a l c u -
o p 
l a t e d f r o m a t o m i c r e f r a c t i o n s f o r a compound h a v i n g t h e 
f o r m u l a — 
GH 3GHCH 3 
R e f r a c t i v e i n d e x a t 2 5 G . = 1 . 5 1 3 5 
D e n s i t y a t 2 5 ° G . = 0 . 9 5 8 3 
E x p e r i m e n t a l m o l a r r e f r a c t i o n = 5 5 . 9 6 
C a l c u l a t e d m o l a r r e f r a c t i o n = 5 5 . 5 4 . 
L a n d o l t - B o r n s t e i n , P h y s i k a l i s c h - C h e m i s c h e T a b e l l e n , 
V o l . 2 , ( 1 9 2 3 ) , p . 9 8 5 . 
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T a b l e 7 . R e f r a c t i o n a t i o n o f L o w e r B o i l i n g A l c o h o l 
F r a c t i o n T e m p g r a t u r e P r e s s u r e T o t a l W t . n 
No . G . mm. H g . g . 
1 - 9 9 . 1 3 0 . 0 7 1 . 5 1 0 3 
2 9 8 . 3 - 9 9 . 4 1 1 0 . 4 4 1 . 5 0 9 9 
3 1 0 0 . 0 - 1 0 1 . 2 1 1 0 . 7 5 1 . 5 0 8 0 
4 1 0 1 . 4 - 1 0 1 . 6 1 1 1 . 5 2 1 . 5 0 8 8 
5 1 0 1 . 6 - 1 0 1 . 8 " 1 . 8 9 1 . 5 0 9 0 
6 1 0 1 . 8 - 1 0 2 . 0 M 2 . 7 5 1 . 5 1 0 0 
7 1 0 2 . 0 - 1 0 2 . 2 1 1 3 . 4 9 1 . 5 1 0 0 
8 1 0 2 . 2 - 1 0 2 . 4 1 1 4 . 6 5 1 . 5 1 0 5 
9 1 0 2 . 4 - 1 0 2 . 4 1 1 6 . 3 7 1 . 5 1 1 2 
1 0 1 0 2 . 5 - 1 0 2 . 5 1 1 6 . 8 1 1 . 5 1 1 0 
1 1 1 0 1 . 7 - 1 0 1 . 7 1 1 7 . 5 8 1 . 5 1 1 0 
1 2 1 0 1 . 6 - 1 0 1 . 8 " 7 . 9 7 1 . 5 1 1 0 
13 1 0 1 . 8 - 1 0 1 . 8 1 1 1 1 . 1 8 1 . 5 1 1 9 
1 4 1 0 1 . 8 - 1 0 1 . 8 " 1 3 . 7 7 1 . 5 1 2 1 
1 5 1 0 1 . 6 - 1 0 1 . 6 " 1 8 . 1 3 1 , 5 1 2 3 
1 6 " " 2 2 . 2 2 1 . 5 1 2 6 
1 7 1 1 1 1 2 7 . 6 0 1 . 5 1 3 0 
1 8 1 1 1 1 3 1 . 6 0 1 . 5 1 3 0 
1 9 1 1 " 3 7 . 9 7 1 . 5 1 3 0 
2 0 " " 4 4 . 3 2 1 . 5 1 3 1 
2 1 " 1 1 5 0 . 7 6 1 . 5 1 3 2 
2 2 " " 5 7 . 5 7 1 . 5 1 3 3 
2 3 " 1 1 6 4 . 6 0 1 . 5 1 3 5 
2 4 M " 6 7 . 7 0 1 . 5 1 3 5 
2 5 " " 7 2 . 5 5 1 . 5 1 3 3 
2 6 " " 7 8 . 0 6 1 . 5 1 3 5 
2 7 1 1 1 1 8 5 . 1 1 1 . 5 1 3 6 
2 8 1 1 1 1 9 1 . 4 2 1 . 5 1 3 9 
2 9 1 0 1 . 5 - 1 0 1 . 6 " 9 8 . 6 7 1 . 5 1 4 5 
3 0 1 0 1 . 6 - 1 0 1 . 6 " 1 0 2 . 3 4 1 . 5 1 4 9 
3 1 1 0 1 . 6 - 1 0 5 . 0 " 1 0 7 . 3 6 1 . 5 1 3 0 
3 2 1 0 5 - " 1 1 0 . 9 9 1 . 5 1 2 8 
C h a r g e : F r a c t i o n N o s . 2 5 - 4 1 f r o m Run 3 
F r a c t i o n N o s . 1 3 - 1 8 f r o m Run 4 
F r a c t i o n N o s . 1 0 - 1 4 f r o m Run 5 
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The 0-alkylsaccharin derivative of combined fractions 
23 through 27, Table 7, of the lower boiling alcohol was 
prepared. After ten fractional recrystallizations from a 
one to one mixture of ethanol and ethyl acetate, a portion 
of the derivative melted from 183.5-184,0°C• A more soluble 
fraction of the derivative melted from 107-115°G. 
The preparation of the derivative yielded two com­
pounds that were partially separable by fractional recrys­
tallization, therefore it was concluded that the lower 
boiling alcohol was a mixture of alcohols and not a single 
alcohol contaminated with high boiling hydrocarbons. Since 
it had been found that the lower boiling alcohol contained 
a meta isomer it was thought that an ortho isomer was also 
present. However, ortho-phthalic acid could not be identi­
fied in the nitric acid oxidation products of several frac­
tions of the lower boiling alcohol. The inability to identi­
fy ortho-phthalic acid is not too surprising in view of the 
fact that a compound having a similar structure, 1,2-di-iso-
propyl-benzene, has been found resistant to oxidation with 
n 2Q 
chromic acid and permanganate solutions at 100 C, 
Preparation of the 3,5-dinitrobenzoate, p-toluene 
sulfonate, 3-nitrophthalate, p-nitrophenylurethan, and alpha-
naphthylurethan derivatives of the lower boiling alcohol was 
attempted. However, a solid derivative was not obtained in 
any of the attempts. 
Melpolder, Woodbridge and Headington, op .cit., p.938. 
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CONVERSION OP ALCOHOLS TO ALDEHYDES 
A l t h o u g h i t was known t h a t t h e a l c o h o l s w e r e n o t p u r e 
compounds , t h e y w e r e o x i d i z e d t o t h e a l d e h y d e s . The a l d e ­
h y d e s w e r e p r e p a r e d t o d e t e r m i n e w h e t h e r t h e y c o u l d b e o b ­
t a i n e d a s p u r e compounds a n d t o a l s o i n v e s t i g a t e t h e i r 
o d o r v a l u e . 
A m e t h o d o f o x i d i z i n g p r i m a r y a l c o h o l s t o a l d e h y d e s 
h a s b e e n r e p o r t e d b y O p p e n a u e r and O b e r r a u c h . v T h e y o b ­
t a i n e d g o o d y i e l d s o f b e n z a l d e h y d e b y t h e o x i d a t i o n o f 
b e n z y l a l c o h o l w i t h d i - t - b u t y l c h r o m a t e . L e o a n d W e s t -
h e i m e r h a v e s t u d i e d t h i s r e a c t i o n a n d f o u n d t h a t p y r i d i n e 
^ 1 
e x h i b i t e d a p o s i t i v e c a t a l y t i c e f f e c t upon t h e o x i d a t i o n . " " 
The o x i d i z a t i o n o f b e n z y l a l c o h o l , a s m o d i f i e d b y W e s t -
h e i m e r , was r e p e a t e d t o b e c o m e a c q u a i n t e d w i t h t h e r e a c t i o n 
and an 8 3 p e r c e n t y i e l d o f b e n z a l d e h y d e was o b t a i n e d . 
The a l c o h o l s , p r e p a r e d b y t h e r e a c t i o n o f cumene 
w i t h p r o p y l e n e o x i d e , w e r e o x i d i z e d t o t h e c o r r e s p o n d i n g 
a l d e h y d e s w i t h d i - t - b u t y l c h r o m a t e a s f o l l o w s . The d i - t -
b u t y l c h r o m a t e o x i d i z i n g a g e n t was p r e p a r e d b y s l o w l y a d d i n g 
2 0 g . ( 0 . 2 0 m o l e s ) o f ch romium t r i o x i d e t o a s o l u t i o n o f 
3 0 
R . O p p e n a u e r and H, O b e r r a u c h , A n a l e s . A s o c . qu im 
a r g e n t i n a , 3 7 , 2 7 6 ( 1 9 4 9 ) . 
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A. L e o and P . H. We s t h e i m e r , J. Am. Chem. S o c , 
7 4 , 4 3 8 3 ( 1 9 5 2 ) . 
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4 4 . 4 g . ( 0 . 6 0 m o l e ) o f t - b u t y l a l c o h o l i n 7 0 m l . o f b e n z e n e . 
The t e m p e r a t u r e o f t h e t - b u t y l a l c o h o l s o l u t i o n was m a i n ­
t a i n e d a t o r b e l o w 1 0 ° G . b y a n i c e b a t h d u r i n g t h e a d d i t i o n 
o f t h e ch romium t r i o x i d e . At h i g h e r t e m p e r a t u r e s r a p i d d e ­
c o m p o s i t i o n o c c u r r e d i n t h e s o l u t i o n . A f t e r a l l t h e c h r o ­
mium t r i o x i d e h a d d i s s o l v e d , t h e b r i g h t r e d s o l u t i o n was 
d r i e d w i t h a n h y d r o u s s o d i u m s u l f a t e . I n a l l o x i d i z a t i o n s 
t h e d i - t - b u t y l c h r o m a t e s o l u t i o n was u s e d w i t h i n one h o u r 
a f t e r i t s p r e p a r a t i o n . I n t o a one l i t e r t h r e e - n e c k e d f l a s k , 
e q u i p p e d w i t h a s t i r r e r , t h e r m o m e t e r , and d r o p p i n g f u n n e l , 
was a d d e d 9 0 m l , o f b e n z e n e , one m l , o f p y r i d i n e a n d 2 6 , 7 g . 
( 0 . 1 5 m o l e ) o f t h e a l c o h o l t o b e o x i d i z e d . The f l a s k was 
p l a c e d i n an i c e b a t h and t h e s o l u t i o n was a l l o w e d t o c o o l . 
The s o d i u m s u l f a t e was f i l t e r e d f r o m t h e d i - t - b u t y l c h r o m a t e 
s o l u t i o n and w a s h e d w i t h two 1 0 m l . p o r t i o n s o f b e n z e n e . 
The o x i d i z i n g s o l u t i o n was s l o w l y a d d e d t o t h e a l c o h o l 
s o l u t i o n I n t h e f l a s k d u r i n g a p e r i o d o f 2 0 m i n u t e s b y 
means o f t h e d r o p p i n g f u n n e l , w i t h t h e t e m p e r a t u r e o f t h e 
r e a c t i o n r e m a i n i n g b e t w e e n 5 a n d 7 ° C . S t i r r i n g was c o n ­
t i n u e d f o r a n a d d i t i o n a l 2 5 m i n u t e s , t h e n t h e r e a c t i o n was 
s t o p p e d b y t h e a d d i t i o n o f a b o u t one g . o f o x a l i c a c i d 
f o l l o w e d b y t h e a d d i t i o n o f 5 0 m l , o f w a t e r a t s u c h a 
r a t e t o k e e p t h e t e m p e r a t u r e b e l o w 1 5 ° C , T h i r t y - n i n e g . 
o f o x a l i c a c i d was s l o w l y a d d e d o v e r a p e r i o d o f a b o u t 1 0 
m i n u t e s w i t h t h e t e m p e r a t u r e a r o u n d 1 5 ° G . Gas was e v o l v e d 
3 6 
during the addition of the oxalic acid. Two hundred fifty 
m l . of 2 0 per cent sulfuric acid was added over a period of 
3 0 minutes at such a rate to keep the temperature from 
1 2 - 1 6 ° C . The ice bath was removed and heating of the 
flask was begun by means of a heating mantle. After 
heating the reaction mixture for about one hour at 4 0 - 5 0 ° C , 
steam distillation of the product was begun and continued 
for three hours. The two layers were separated after 
thorough shaking in a separatory funnel. The water layer 
was extracted twice with 5 0 m l . portions of benzene and 
the extracts were added to the organic layer. The organic 
layer was extracted twice with 2 5 ml. portions of 5 per cent 
sodium carbonate solution to remove the acid formed in the 
oxidation. The organic layer was washed with four 1 5 m l . 
portions of water and placed over anhydrous sodium sulfate 
to dry over night. The drying agent was filtered from the 
solution of the aldehyde and washed with 1 0 m l . of benzene. 
The benzene was distilled off at atmospheric pressure and 
the remaining product was fractionated under vacuum in a 
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Todd column, packed with a Monel spiral. 
The product obtained from the oxidation of the 
higher boiling alcohol, combined fractions 2 0 and 2 1 from 
Run 1 and fractions 2 2 and 2 3 from Run 2 , was fractionated 
at a pressure of about 3 mm. of mercury. The yield of 
' F . Todd, loc. cit. 
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a l d e h y d e w h i c h b o i l e d a t 9 6 - 1 0 2 ° C . was 1 8 . 1 5 g . o r 6 8 . 8 
p e r c e n t o f t h e o r y . The t h r e e a l d e h y d e f r a c t i o n s w e r e com­
b i n e d and r e f r a c t i o n a t e d a t a p r e s s u r e o f 5 mm. o f m e r c u r y . 
The f r a c t i o n a t i o n d a t a a r e g i v e n i n T a b l e 8 . The d e n s i t y 
o f f r a c t i o n 4 , f r o m t h r e e d e t e r m i n a t i o n s , was 0 . 9 5 6 9 g . 
p e r m l . a t 2 5 ° G . The e x p e r i m e n t a l m o l a r r e f r a c t i o n a g r e e d 
w i t h t h e c a l c u l a t e d m o l a r r e f r a c t i o n o f an a l d e h y d e h a v i n g 
t h e f o r m u l a — 
CELCHCHO (X 
CEL^CHCH/^  
R e f r a c t i v e i n d e x a t 2 5 ° G . = 1 . 5 1 0 1 
D e n s i t y a t 2 5 ° G . = 0 . 9 5 6 9 
E x p e r i m e n t a l m o l a r r e f r a c t i o n = 5 5 . 1 0 
C a l c u l a t e d m o l a r r e f r a c t i o n = 5 5 . 0 3 . 
The p r o d u c t o b t a i n e d f r o m t h e o x i d a t i o n o f t h e r e -
f r a c t i o n a t e d h i g h e r b o i l i n g a l c o h o l , c o m b i n e d f r a c t i o n s 
1 9 t h r o u g h 2 4 , T a b l e 6 , was d i s t i l l e d a t a p r e s s u r e o f 
2 . 5 mm. o f m e r c u r y . The d i s t i l l a t i o n d a t a a r e g i v e n i n 
T a b l e 9 . The y i e l d f r o m t h e o x i d a t i o n was 5 3 . 4 p e r c e n t 
o f t h e o r y . The d e n s i t y o f f r a c t i o n 5 , f r o m two d e t e r m i n a ­
t i o n s , was 0 . 9 5 5 8 g . p e r m l . a t 2 5 ° G . The e x p e r i m e n t a l 
m o l a r r e f r a c t i o n a g r e e d w i t h t h a t o f t h e p r e v i o u s l y p r e ­
p a r e d a l d e h y d e , d e s c r i b e d a b o v e . 
R e f r a c t i v e i n d e x a t 2 5 ° G . = 1 . 5 0 9 8 
D e n s i t y a t 2 5 ° G . = 0 . 9 5 5 8 
E x p e r i m e n t a l m o l a r r e f r a c t i o n = 5 5 . 1 1 
C a l c u l a t e d m o l a r r e f r a c t i o n = 5 5 . 0 3 . 
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T a b l e 8 . F r a c t i o n a t i o n o f A l d e h y d e 
f r o m H i g h e r B o i l i n g A l c o h o l 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n' 
N o . ° C . mm. Hg . g . 
1 1 0 0 . 0 - 1 0 1 . 0 5 0 . 6 8 1 . 5 0 9 4 
2 1 0 1 . 0 - 1 0 1 . 1 1 1 1 . 5 8 1 . 5 1 0 0 
3 1 0 1 . 1 - 1 0 1 . 1 1 1 5 . 3 4 1 . 5 1 0 0 
4 1 0 1 . 1 - 1 0 1 . 4 1 1 8 . 2 8 1 . 5 1 0 1 
5 1 0 1 . 4 - 1 0 2 . 0 " 1 1 . 1 8 1 . 5 1 0 2 
6 1 0 1 . 6 - " 1 3 . 5 5 1 . 5 1 1 0 
V 1 1 1 3 . 9 9 1 . 5 1 2 0 
3 9 
T a b l e 9 . F r a c t i o n a t i o n o f A l d e h y d e f r o m 
R e f r a c t i o n a t e d H i g h e r B o i l i n g A l c o h o l 
F r a c t i o n T e m p e r a t u r e P r e s s u r e T o t a l W t . n' 
N o . ° G . mm. H g . g . 
1 8 3 . 6 - 8 3 . 6 2 . 5 0 . 3 0 1 . 5 1 4 5 
2 8 3 . 6 - 8 3 . 7 M 1 . 5 8 1 . 5 1 0 1 
3 8 4 . 8 - 8 4 . 8 " 2 . 8 2 1 . 5 1 0 3 
4 8 4 . 8 - 8 4 . 8 " 6 . 2 2 1 . 5 0 9 8 
5 8 4 . 8 - 8 5 . 0 n 1 1 . 6 0 1 . 5 0 9 8 
6 8 5 . 0 - 8 5 . 0 " 1 4 . 1 2 1 . 5 1 1 0 
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The aldehyde is a rather viscous, clear liquid with 
an odor definitely of the wood type. The odor is imitative 
of ionone although sweeter and minty. An absorbent paper 
lost most of its odor within a week after being dipped in 
the aldehyde. 
The 2,4-dinitrophenylhydrazone of the aldehyde, 
fraction 4, Table 8, was prepared by the usual procedure. 
The derivative melted from 105-121°C. after one recrystal­
lization from dilute ethanol. After the second recrystal­
lization, the derivative melted from 116-126°C. Since it 
has been shown that some 2,4-dinitrophenylhydrazones do 
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not have sharp melting points, the semicarbazone of a 
sample of the aldehyde, fraction 4, Table 8, was prepared 
35 
by the usual method. After four recrystallizations 
from dilute ethanol, the semicarbazone melted from 141-152°C 
The wide melting ranges of the two aldehyde deriva­
tives Indicated that the product from the oxidation of the 
higher boiling alcohol is a mixture of aldehydes. 
An acid was also produced during the oxidation of 
the higher boiling alcohol. The base extract of the or­
ganic layer from the steam distillation of the second 
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R. L. Shriner and R. C. Ruson, "The Systematic 
Identification of Organic Compounds, n John Wiley and Sons, 
Inc., New York, 3rd Ed., 1948, p . 171. 
3 4 L . I. Braddock, et.al., Anal. Chem., 25, 301 (1953) 
Shriner and Puson, op. cit., p . 170. 
4 1 
a l d e h y d e p r e p a r a t i o n , d e s c r i b e d a b o v e , was a c i d i f i e d w i t h 
d i l u t e s u l f u r i c a c i d . T h e p r e c i p i t a t e d s o l i d a c i d w a s 
f i l t e r e d f r o m t h e a c i d i c s o l u t i o n a n d d r i e d . T h e a c i d 
m e l t e d f r o m 6 4 - 6 3 ° G . T h e 1.4 g. o f a c i d w a s d i s s o l v e d i n 
a minimum amount o f 5 p e r c e n t s o d i u m h y d r o x i d e s o l u t i o n 
a t a t e m p e r a t u r e o f 5 0 ° G . When t h e s o l u t i o n was a l l o w e d 
t o c o o l , a w h i t e , f l a k y s o l i d b e g a n t o c r y s t a l l i z e s o t h e 
s o l u t i o n was c o o l e d i n i c e w a t e r t o c r y s t a l l i z e more o f 
t h e m a t e r i a l . The s o l i d was f i l t e r e d f r o m t h e s o l u t i o n 
a n d d r i e d . The s o l i d , b e l i e v e d t o b e t h e s o d i u m s a l t o f 
t h e a c i d , h a d a m e l t i n g p o i n t o f 1 0 9 - 1 1 8 ° C . A s o l u t i o n o f 
t h e s a l t i n 5 0 m l . o f w a t e r was a c i d i f i e d w i t h 1 0 p e r c e n t 
s u l f u r i c a c i d , f i l t e r e d , a n d t h e s o l i d c o l l e c t e d was d r i e d . 
The a c i d m e l t e d f r o m 6 0 - 7 0 ° C . A f t e r t h r e e r e c r y s t a l l i z a t i o n s 
f r o m a n a c e t o n e a n d w a t e r s o l u t i o n , t h e a c i d m e l t e d f r o m 
6 8 - 7 3 ° C . A f t e r d r y i n g f o r s e v e r a l h o u r s i n a vacuum d e s i c ­
c a t o r t h e a c i d m e l t e d f r o m 7 1 - 7 4 ° C . The n e u t r a l i z a t i o n 
e q u i v a l e n t o f t h e a c i d was d e t e r m i n e d b y d i s s o l v i n g a 
known w e i g h t o f t h e a c i d i n 7 5 m l . o f e t h a n o l a n d t i t r a t i n g 
t h e s o l u t i o n w i t h a s t a n d a r d sod ium h y d r o x i d e s o l u t i o n . The 
a v e r a g e n e u t r a l i z a t i o n e q u i v a l e n t f r o m two d e t e r m i n a t i o n s 
was 1 9 4 . T h i s a g r e e s w i t h t h e m o l e c u l a r w e i g h t o f a mono­
b a s i c a c i d h a v i n g t h e e m p i r i c a l f o r m u l a ^ 2 . 2 ^ 1 6 ^ 2 &N<3I MO-LEC"U-'~ 
l a r w e i g h t o f 1 9 2 . 
A s a m p l e o f t h e a l d e h y d e was o x i d i z e d t o t h e c o r r e ­
s p o n d i n g a c i d i n o r d e r t o d e t e r m i n e t h e m o l e c u l a r w e i g h t o f 
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the aldehyde. One g . of the aldehyde, fraction 4, Table 9, 
in 10 m l . of a very dilute sodium hydroxide solution was 
shaken with added portions of a saturated solution of 
potassium permanganate until no more permanganate was dis­
colored. Just enough ethanol was added to the solution to 
discolor the excess permanganate and the solution was 
filtered several times to remove the manganese dioxide. 
Upon acidification of the solution an oil separated which 
soon crystallized. The white solid acid was recrystallized 
from an acetone-water solution and dried. It melted from 
71-73.5°C. The neutralization equivalent of the acid was 
found to be 194 by titrating a known weight of the acid in 
75 m l . of ethanol with a standard sodium hydroxide solution. 
This neutralization equivalent is the same as that of the 
acid obtained from the preparation of the aldehyde, des­
cribed above. Therefore, the aldehyde must have the em­
pirical formula G]_g%6° • 
The product obtained from the oxidation of the re-
fractionated lower boiling alcohol, fractions 18 through 22, 
Table 7, was fractionated at a pressure of 3.5 mm. of mer­
cury. The fractionation data are given in Table 10. The 
yield from the oxidation was 51.1 per cent of theory. The 
density, from two determinations, of combined fractions 9 
and 10 of the aldehyde was 0.9609 g. per m l . at 25°G. The 
experimental molar refraction of the aldehyde agreed with 
4 3 
t h e c a l c u l a t e d m o l a r r e f r a c t i o n o f a n a l d e h y d e h a v i n g t h e 
f o r m u l a g i v e n on p a g e 3 7 : 
R e f r a c t i v e i n d e x a t 2 5 ° C . = 1 . 5 0 7 6 
D e n s i t y a t 2 5 ° C . = 0 . 9 6 0 9 
E x p e r i m e n t a l m o l a r r e f r a c t i o n = 5 4 . 6 4 
C a l c u l a t e d m o l a r r e f r a c t i o n B 5 5 . 0 3 . 
The a l d e h y d e i s a r a t h e r v i s c o u s , c l e a r l i q u i d w i t h 
an o d o r d e f i n i t e l y o f t h e p r e c i o u s wood t y p e . An a b s o r b e n t 
p a p e r , p r e v i o u s l y d i p p e d i n t h e a l d e h y d e , h a d a p r o n o u n c e d 
c e d a r wood o d o r a f t e r s t a n d i n g i n a i r f o r a b o u t a w e e k . 
The a l k a l i n e e x t r a c t o f t h e p r o d u c t f r o m t h e o x i d a ­
t i o n o f t h e l o w e r b o i l i n g a l c o h o l was a c i d i f i e d w i t h d i l u t e 
s u l f u r i c a c i d . The o i l w h i c h i m m e d i a t e l y s e p a r a t e d w o u l d 
n o t s o l i d i f y when c o o l e d i n an i c e b a t h . R e c r y s t a l l i z a t i o n 
o f t h e o i l f a i l e d t o y i e l d a s o l i d . 
One g . o f t h e a l d e h y d e , f r a c t i o n 1 3 , T a b l e 1 0 , was 
o x i d i z e d t o t h e a c i d b y t h e m e t h o d d e s c r i b e d a b o v e . Upon 
a c i d i f i c a t i o n o f t h e b a s i c s o l u t i o n f r o m t h e o x i d a t i o n a n 
o i l s e p a r a t e d . The o i l w o u l d n o t s o l i d i f y when c o o l e d i n 
a n i c e b a t h . The f a c t t h a t t h e a c i d was o b t a i n e d a s a n 
o i l i s i n a g r e e m e n t w i t h t h e a c i d o b t a i n e d f r o m t h e p r e p ­
a r a t i o n o f t h e a l d e h y d e a s d e s c r i b e d i n t h e p r e v i o u s p a r a ­
g r a p h . 
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Table 1 0 . Fractionation of Aldehyde from 
Lower Boiling Alcohol 
Fraction Temperature Pressure Total W t . h 
No. °C, mm. Hg. g. 
1 -86.5 3.5 0.63 1.5096 
2 86.5-86.9 1.51 1.5085 
3 86.9-87.2 ti 2.40 1.5080 
4 87.2-87.3 3.23 1.5078 
5 87.3-87.3 4.16 1.5077 
6 87.2-87.2 5.05 1.5076 
7 87.2-87.2 5.86 1.5076 
8 87.2-87.3 tt 6.73 1.5075 
9 87.2-87.1 tt 8.02 1.5076 
10 87.1-87.1 9.83 1.5077 
11 87.2-87.2 it 11.22 1.5076 
12 87.2-87.3 it 12.15 1.5078 
13 87.2-87.3 tt 13.30 1.5079 
14 87.4-87.3 14.11 1.5081 
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CONVERSION OP ALCOHOLS TO OLEFINS 
The dehydration of the alcohols, prepared "by the 
reaction of cumene with propylene oxide, was attempted to 
determine whether they were of the phenethyl type and to 
compare the physical properties of the products with known 
compounds. 
Sabetay found that primary alcohols of the phenethyl 
type were nearly quantitatively converted to the corre­
sponding styrenes by heating with solid potassium hydrox-
36 
ide. In a mixture of hydratropic alcohol and methyl-
benzyl carbinol, only the hydratropic alcohol was dehy-
37 
drated. An unsuccessful attempt to dehydrate cyclohexyl 
ethanol indicated the necessity of having an aromatic ring 
38 
or unsaturated group attached to the ethanol group. 
The alcohols were dehydrated as follows. Into a 
50 m l . distilling flask was placed 10 g, of the alcohol to 
be dehydrated and 6 g. of potassium hydroxide pellets. 
The flask was heated with a low flame, and two phases were 
formed in about 15 minutes. Heating was increased and the 
product was distilled. The product was extracted with 
36 
S. Sabetay, Bull, s o c chim. France, 45, 69 (1929). 
3 7 S . Sabetay, Bull, s o c chim. France, 47, 614 (1930). 
3
^ S . Sabetay and T, Mintsou, Bull, soc. chim. France, 
45, 842 (1929). 
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20 m l . of diethyl ether, and the ether solution was washed 
twice with 4 m l . portions of water. After drying the solu­
tion with anhydrous sodium sulfate, the ether was evaporated 
by vacuum and the product was fractionated with a column 45 
cm. long and 5 mm. in diameter packed with a spiral tantalum 
wire. All the olefin fractionations were carried out at 
atmospheric pressure. 
The olefin obtained from the dehydration of a repre­
sentative sample of the higher boiling alcohol, fractions 
16, 17, and 18, Table 6, was fractionated into 6 fractions, 
Table 11. Combined fractions 4,5, and 6 had a density of 
0.8855 at 25°C. Fractions 2 through 6 were combined and 
redistilled at atmospheric pressure. The distillation, 
Table 12, yielded six fractions boiling from 218.2-221,1°C. 
The refractive indices of consecutive fractions varied 
considerably, so more of the olefin was prepared in order 
to have enough for a more accurate fractionation. The 
olefin obtained from the dehydration of a representative 
sample of the higher boiling alcohol, fractions 14 and 15, 
Table 6, was fractionated at atmospheric pressure, Table 13. 
Combined fractions 4,5, and 6 had a density of 0.8847 at 
25°G. Fractions 3, 4, 5, and 6, Table 13, were combined 
with fractions 3, 4, 5, and 6, Table 12, of the previously 
prepared olefin, and refractionated, Table 14. Combined 
fractions 5 and 6 had a density of 0.8851 at 25°C. 
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Table 11. Fractionation of Olefin from 
Higher Boiling Alcohol 
Fraction Temperature Total W t . n 
N o . °G. g. 
1 213.2-218.6 0.16 1.5122 
2 218.6-220.2 0.51 1.5192 
3 220.2-220.4 1.15 1.5222 
4 220.3-219.4 2.36 1.5226 
5 220.2-220.2 3.14 1.5229 
6 3.50 1.5229 
4 8 
T a b l e 1 2 . R e f r a c t i o n a t i o n o f O l e f i n f r o m 
H i g h e r B o i l i n g A l c o h o l 
F r a c t i o n 
N o . 
T e m p e r a t u r e 
° C . 
T o t a l W t . 
g . 
n 
2 5 
D 
2 1 8 . 2 - 2 2 0 . 4 
2 2 0 . 4 - 2 2 0 . 8 
2 2 0 . 7 - 2 2 1 . 0 
2 2 1 . 0 - 2 2 1 . 1 
2 2 1 . 1 - 2 1 9 . 7 
0 . 2 4 
0 . 3 9 
0 . 5 6 
1 . 3 3 
2 . 1 4 
2 . 6 2 
1 . 5 1 8 0 
1 . 5 2 0 9 
1 . 5 2 1 9 
1 . 5 2 2 6 
1 . 5 2 2 9 
1 . 5 2 1 9 
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Table 13, Fractionation of Olefin from 
Higher Boiling Alcohol 
Fraction Temperature Total W t . n' 
No. ° 0 . g. 
1 217,2-219.8 0.24 1.5174 
2 219.8-220.7 0,42 1.5210 
3 220.7-221.0 0.76 1.5224 
4 221.0-220.8 1.88 1.5229 
5 220.8-219.0 2.51 1.5229 
6 2.89 1.5228 
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Table 14. Refractionation of Olefin from 
Higher Boiling Alcohol 
Fraction Temperature Total W t . n' 
No. °0. g. 
1 219.2-220.4 0.14 1.5195 
2 220.3-220.6 0.34 1.5209 
3 220.6-220.8 0.65 1.5219 
4 220.8-220.8 1.01 1.5223 
5 220.8-221.0 1.98 1.5228 
6 221.0-219.8 3,37 1.5229 
7 3.73 1.5227 
5 1 
The p h y s i c a l c o n s t a n t s o f t h e o l e f i n p r e p a r e d b y t h e 
d e h y d r a t i o n o f t h e h i g h e r b o i l i n g a l c o h o l a g r e e d w i t h t h e 
p h y s i c a l c o n s t a n t s r e p o r t e d f o r 4 - i s o p r o p y l - ( X - m e t h y l 
s t y r e n e a s f o l l o w s • 
B o i l i n g p o i n t R e f r a c t i v e I n d e x 
° C . a t 2 5 ° 0 . 
F o u n d 
, 3 9 
2 2 0 . 8 - 2 2 1 . 0 
R e p o r t e d ' 
R e p o r t e d 4 0 2 2 1 . 5 
7 6 0 mm. 
1 . 5 2 2 8 
1 . 5 2 0 4 
1 . 5 2 1 5 5 
D e n s i t y 
0 . 8 8 5 1 a t 2 5 / 4 ° C . 
0 . 8 8 9 a t 2 5 / 2 5 ° C 
0 . 8 8 9 7 4 a t 2 5 / 4 ° C . 
The c a l c u l a t e d m o l a r r e f r a c t i o n o f 4 - I s o p r o p y l-a - m e t h y l 
s t y r e n e i s 5 3 . 5 5 . I t i a known t h a t c o n j u g a t e d o l e f i n s 
s u c h a s s t y r e n e e x h i b i t a p o s i t i v e o p t i c a l e x h a l t a t i o n o f 
4 1 
a b o u t 1 . 7 6 . T h e r e f o r e , b y a d d i n g 1 . 7 6 t o t h e c a l c u l a t e d 
v a l u e , we o b t a i n 5 5 . 3 1 a s t h e c o r r e c t c a l c u l a t e d v a l u e . 
The e x p e r i m e n t a l m o l a r r e f r a c t i o n o f t h e o l e f i n o b t a i n e d 
f r o m t h e d e h y d r a t i o n o f t h e h i g h e r b o i l i n g a l c o h o l a g r e e d 
w i t h t h e c a l c u l a t e d v a l u e f o r 4 - i s op ropy l - (X-me t h y l s t y r e n e 
a s f o l l o w s • 
R e f r a c t i v e i n d e x a t 2 5 ° C . • 1 . 5 2 2 8 
D e n s i t y a t 2 5 ° C . = 0 . 8 8 5 1 
E x p e r i m e n t a l m o l a r r e f r a c t i o n = 5 5 . 2 9 
C a l c u l a t e d m o l a r r e f r a c t i o n s 5 5 . 3 1 . 
G . B . Bachman a n d H. M. H e l l m a n , J . Am. Chem. S o c , 
7 0 , 1 7 7 2 ( 1 9 4 8 ) . 
4 0 R . R . D r e i s b a c h and R . A . M a r t i n , I n d . E n g . C h e m . , 
4 1 , 2 8 7 6 ( 1 9 4 9 ) . 
4 1 S . G l a s s t o n e , " T e x t b o o k o f P h y s i c a l C h e m i s t r y , f t D . 
Van N o s t r a n d C o . , I n c . , New Y o r k , 2 n d e d . , 1 9 4 6 , p . 5 3 0 . 
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I t h a s b e e n r e p o r t e d t h a t 2 , 4 - d i n i t r o b e n z e n e s u l f e n y l 
c h l o r i d e adds t o many o l e f i n s t o p r o d u c e s o l i d a d d u c t s w i t h 
c h a r a c t e r i s t i c m e l t i n g p o i n t s . The d e r i v a t i v e o f t h e 
h i g h e r b o i l i n g o l e f i n was p r e p a r e d f r o m 0 . 4 g . o f t h e 2 , 4 -
d i n i t r o b e n z e n e s u l f e n y l c h l o r i d e i n 5 m l . o f g l a c i a l a c e t i c 
a c i d . I t was n e c e s s a r y t o r e c r y s t a l l i z e t h e o i l p r o d u c t 
s e v e r a l t i m e s f r o m e t h a n o l b e f o r e t h e s o l i d d e r i v a t i v e was 
o b t a i n e d . S e e d i n g o f t h e f i l t r a t e s f r o m t h e o i l r e c r y s t a l -
l i z a t i o n s w i t h t h e c r y s t a l l i n e s o l i d p r o d u c e d more c r y s t a l s . 
The o r a n g e c r y s t a l s w e r e r e c r y s t a l l i z e d f r o m e t h a n o l t h r e e 
t i m e s t o a c o n s t a n t m e l t i n g p o i n t o f 7 5 . 5 - 7 7 . 0 ° C . 
The o l e f i n o b t a i n e d f r o m t h e d e h y d r a t i o n o f a r e p r e ­
s e n t a t i v e s a m p l e o f t h e l o w e r b o i l i n g a l c o h o l , f r a c t i o n s 
2 3 t h r o u g h 2 7 , T a b l e 7 , was f r a c t i o n a t e d a t a t m o s p h e r i c 
p r e s s u r e . The f r a c t i o n a t i o n d a t a a r e g i v e n i n T a b l e 1 5 . 
A s e c o n d d e h y d r a t i o n o f a s a m p l e o f t h e l o w e r b o i l i n g a l ­
c o h o l , f r a c t i o n s 2 3 t h r o u g h 2 7 , T a b l e 7 , was r u n . The c r u d e 
p r o d u c t was c o m b i n e d w i t h f r a c t i o n s 3 t h r o u g h 7 f r o m t h e 
p r e v i o u s d e h y d r a t i o n a n d f r a c t i o n a t e d a t a t m o s p h e r i c p r e s ­
s u r e . The f r a c t i o n a t i o n d a t a a r e g i v e n i n T a b l e 1 6 . The 
d e n s i t y o f c o m b i n e d f r a c t i o n s 4 , 5 , and 6 was 0 . 8 8 3 8 g . 
p e r m l . a t 2 5 ° C . T h e e x p e r i m e n t a l m o l a r r e f r a c t i o n a g r e e d 
w i t h t h e c a l c u l a t e d m o l a r r e f r a c t i o n o f i s o p r o p y l - O t - m e t h y l 
s t y r e n e a s f o l l o w s . 
N• K h a r a s c h a n d C . M. B u e s s , J . Am. Chem. S o c , 7 1 
2 7 2 4 ( 1 9 4 9 ) . 
5 3 
T a b l e 1 5 . F r a c t i o n a t i o n o f O l e f i n f r o m 
L o w e r B o i l i n g A l c o h o l 
F r a c t i o n T e m p e r a t u r e T o t a l Wt . n' 
N o . " ° C g . 
1 1 9 6 . 5 - 2 0 3 . 2 0 . 0 9 1 . 5 0 5 2 
2 2 0 8 . 0 - 2 1 2 . 0 0 . 3 9 1 . 5 1 3 8 
3 2 1 2 . 2 - 2 1 3 . 1 0 . 6 5 1 . 5 1 8 0 
4 2 1 3 . 0 - 2 1 2 . 9 0 . 9 8 1 . 5 1 9 1 
5 2 1 2 . 9 - 2 1 3 . 5 1 . 3 4 1 . 5 1 9 2 
6 2 1 3 . 5 - 2 1 2 . 1 1 . 8 0 1 . 5 1 9 5 
7 2 . 1 6 1 . 5 1 9 5 
5 4 
T a b l e 1 6 . F r a c t i o n a t i o n o f O l e f i n f r o m 
Lower B o i l i n g A l c o h o l 
F r a c t i o n T e m p e r a t u r e T o t a l W t . n' 
N o . ° C g . 
1 2 0 0 . 4 - 2 1 2 . 2 0 . 5 5 1 . 5 0 9 5 
2 2 1 2 . 2 - 2 1 3 . 2 0 . 9 3 1 . 5 1 7 8 
3 2 1 3 . 2 - 2 1 3 . 6 1 . 4 6 1 . 5 1 9 2 
4 2 1 3 . 6 - 2 1 3 . 6 2 . 3 0 1 . 5 1 9 5 
5 2 1 3 . 6 - 2 1 3 . 7 3 . 1 3 1 . 5 1 9 5 
6 2 1 3 . 7 - 2 1 3 . 8 5 . 5 5 1 . 5 1 9 6 
7 2 1 3 . 7 - 2 3 6 . 4 4 . 0 5 1 . 5 1 9 8 
8 2 3 6 . 4 - 2 5 1 . 0 4 . 3 1 1 . 5 1 8 6 
9 2 5 1 . 0 - 2 5 2 . 7 4 . 4 1 1 . 5 1 7 1 
1 0 2 5 2 . 7 - 2 5 3 . 8 4 . 6 4 1 . 5 1 7 0 
1 1 2 5 3 . 8 - 2 5 3 . 9 4 . 8 7 1 . 5 1 7 0 
1 2 2 5 4 . 0 - 2 5 3 . 4 5 . 1 2 1 . 5 1 7 0 
1 3 5 . 4 5 1 . 5 1 7 0 
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Refractive index at 25°C. = 1.5195 
Density at 2 5 ° C = 0.8838 
Experimental molar refraction = 55.08 
Calculated molar refraction • 55.31. 
The higher boiling fractions, 8 through 13, Table 16, from 
the distillation of the olefin were believed to be unre-
acted alcohol. 
An attempt was made to prepare the 2,4-dinitrobenzene-
sulfenyl chloride derivative of the lower boiling olefin. 
However, after recrystallizing the oil several times, the 
solid that was produced melted below room temperature. 
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D I S C U S S I O N O P R E S U L T S 
F r o m the e v i d e n c e a l r e a d y p r e s e n t e d , it is a p p a r e n t 
that the r e a c t i o n s t u d i e d gave u n i d e n t i f i e d p r o d u c t s as 
w e l l as the a l c o h o l s w h i c h w e r e i d e n t i f i e d . I n a s m u c h 
as the impurities w e r e also p r e s e n t in the d e r i v a t i v e s 
of the a l c o h o l s a f t e r a t t e m p t e d p u r i f i c a t i o n of the d e r i v ­
a t i v e s , i t w o u l d seem that the i m p u r i t i e s are a l s o a l c o h o l s , 
a n d are p r o b a b l y of a p p r o x i m a t e l y the same m o l e c u l a r w e i g h t 
as the a l c o h o l s i d e n t i f i e d . W i t h this in m i n d the f o l l o w ­
ing are s u g g e s t e d i m p u r i t i e s : 
1 . If the cumene w a s p a r t i a l l y i s o m e r i z e d to n-
p r o p y l b e n z e n e , t h e n r e a c t i o n p r o d u c t s of n - p r o p y l b e n ­
zene w o u l d be p r e s e n t . 
2 . If small a m o u n t s of s e c o n d a r y a l c o h o l s are p r o ­
d u c e d b y the a l t e r n a t e o p e n i n g of the epoxide r i n g , t h e n 
s e c o n d a r y a l c o h o l s s h o u l d b e p r e s e n t in the m a j o r p r o d u c t s . 
3 . O r t h o - s u b s t i t u t i o n p r o d u c t s should a l s o be con­
s i d e r e d . 
The i d e n t i f i c a t i o n of these i m p u r i t i e s could a s s u m e 
f o r m i d a b l e p r o p o r t i o n s . A p o s s i b l e a t t a c k is to p r e p a r e 
the p r o d u c t s i d e n t i f i e d , as w e l l as the m a t e r i a l s con­
s i d e r e d as p o s s i b l e i m p u r i t i e s , b y m e t h o d s k n o w n to y i e l d 
p u r e c o m p o u n d s . A study of the i n f r a - r e d s p e c t r a of these 
57 
compounds compared to the spectra of the alcohols Isolated 
from the reaction mixtures, might serve to identify the 
impurities. 
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